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Costea, M. and Tardif, F. J. 2003. The biology of Canadian weeds. 126. Amaranthus albus L., A. blitoides S. Watson and A. bli-
tum L. Can. J. Plant Sci. 83: 1039–1066. A review of biological information is provided for three species of the genus Amaranthus:
A. albus L., A. blitoides S. Watson and A. blitum L. The last species has been revised taxonomically and a new subspecies for Canada
is presented—A. blitum subsp. emarginatus (Moq. ex Uline & Bray) Carretero, Munoz Garmendia & Pedrol. Amaranthus albus and
A. blitoides are native to the U.S.A. and introduced to Canada. Both species are annual ruderal and agrestal weeds. During the past
100 yr the two species have spread across most provinces of Canada, but the greatest frequency and abundance have been record-
ed in Saskatchewan. Originating from Europe, Asia and North Africa, A. blitum was initially considered a non-persistent species.
The present study shows that A. blitum especially, subsp. emarginatus, has continued to spread in Québec. The three species are
alternate hosts to many insects, nematodes, viruses, bacteria and fungi that affect cultivated plants. In other areas (U.S.A., Europe
and Asia), the three species have developed multiple resistance to triazine and acetolactate-synthase-inhibiting herbicides. 
Key words: Amaranthus albus, Amaranthus blitoides, Amaranthus blitum, weed biology, ecology, taxonomy, herbicide resistance
Costea, M. et  Tardif, F. J. 2003. Biologie des mauvaises herbes au Canada. 126. Amaranthus albus L., A. blitoides S. Watson
et A. blitum L. Can. J. Plant Sci. 83: 1039–1066. Les auteurs ont passé en revue les données existantes sur la biologie de trois
espèces du genre Amaranthus : A albus L., A. blitoides S. Watson et A. blitum L. La taxinomie de la troisième a été modifiée et
on propose une nouvelles sous-espèce pour le Canada – A blitum sous-esp. emarginatus (Moq. ex Uline & Bray) Carretero, Munoz
Garmendia & Pedrol. Amaranthus albus et A. blitoides sont des espèces indigènes des États-Unis introduites au Canada. Ces deux
annuelles rudérales et agrestes se sont répandues dans la plupart des provinces canadiennes au cours du dernier siècle, mais elles
sont particulièrement courantes et abondantes en Saskatchewan. Originaire d’Europe, d’Asie et d’Afrique du Nord, A. blitum a
d’abord été considérée comme une espèce non persistante. La présente étude révèle toutefois qu’elle n’a cessé de se propager au
Québec, surtout la sous-espèce emarginatus. Les trois espèces servent d’hôte de rechange à maints insectes, nématodes, virus, bac-
téries et cryptogames qui s’attaquent aux cultures. Ailleurs (É.-U., Europe et Asie), elles ont acquis une résistance multiple à la
triazine et aux désherbants qui inhibent l’acétolactate-synthase.
Mots clés: Amaranthus albus, Amaranthus blitoides, Amaranthus blitum, biologie des mauvaises herbes, écologie, taxinomie, 
résistance aux herbicices
1. Names
I. Amaranthus albus L. = A. graecizans auct., non L.— tum-
ble pigweed (Darbyshire et al. 2000), tumbling amaranth,
white pigweed, tumble-weed (Alex 1992), amarante
blanche (Darbyshire et al. 2000), herbe roulante (Alex
1992; Royer and Dickinson 1999).
II. Amaranthus blitoides S. Watson = A. graecizans auct.,
non L.— prostrate pigweed (Darbyshire et al. 2000), pros-
trate amaranth, spreading amaranth (Alex 1992), spreading
pigweed, mat amaranth, tumbleweed (Royer and Dickinson
1999), amarante fausse-blite (Darbyshire et al. 2000) ama-
rante étalée, amarante basse, amarante charnue (Alex 1992;
Royer and Dickinson 1999).
III. Amaranthus blitum L.—Livid Amaranth (Britton and
Brown 1896), purple amaranth, amarante livide
(Lonchamp 2000).
III.1. Amaranthus blitum subsp. blitum
III.2. Amaranthus blitum subsp. emarginatus (Moq. ex
Uline & Bray) Carretero, Munoz Garmendia & Pedrol
Amaranthaceae, Amaranth family, Amarantacées, Subgenus
Albersia. 
The binomial Amaranthus graecizans, has been widely
misapplied in North America to either A. albus or A. bli-
toides. Amaranthus graecizans subsp. graecizans is a taxon
native to Europe, North Africa and Asia. It superficially
resembles A. blitoides var. reverchonii Uline & Bray but it
has not been found in North America. For more information
see Costea et al. (2001a). 
The specific epithet “albus” refers to the adult white
stems of tumble pigweed. The species names of both pros-
trate pigweed and livid amaranth derive from the latinised
Greek word “blitum” (βλιτου) which means a tasteless
vegetable. 
2. Description and Account of Variation
(a) Description—Descriptions are based on herbarium spec-
imens and on plants grown in a growth room (under 16 h
photoperiod at 26°C and an 8 h dark period at 15°C; atmos-
pheric humidity 75%). Light was supplied by a mixture of
incandescent bulbs and fluorescent tubes to achieve photo-
synthetically active radiation (PAR) of 450 µmol m–2 s–1.
The seeds were obtained from the USDA germplasm col-
lection. All three species are annual, with a taproot, and
reproduce only by seeds. 
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I. A. albus. Seedlings—with a short hypocotyl (0.5–2 cm)
and variable shaped cotyledons—narrow-ovate to lanceolate,
10–12 × 2.5–3 mm and 6–7 × 3 mm, respectively. The
cotyledon petioles are short, 2.5–3 mm long. The epicotyl is
sparsely pubescent. The first leaves resemble the mature
leaves in shape and are glabrescent (nearly hairless), with
2–4 secondary veins. Mature plants—Stem is erect, 5–100
cm long, usually divaricate-branched (bushy), scurfy-villous
in the inflorescence region; at maturity whitish, stiff. Dead
stems persist over the winter season. Leaves are rhombic-
ovate, elliptic to obovate or spathulate (spoon shaped, broad
at the tip and narrowed towards the base), pale green; early
leaves (formed on the main and secondary axis) are up to 8
cm long; later leaves (formed on higher order branches) are
much smaller, sometimes 5–10 mm long. The margins of the
leaves are green, often undulated. Inflorescences are dense
axillary cymes. Bracteoles are rigid, spinose, 2–3 times as
long as the flowers. The 3 tepals are shorter than the fruit, lin-
ear-elliptic to lanceolate. Stamens 3. Stigma 3, short, erect.
Fruit circumscissile, 1.4–1.8 mm long, wrinkled when dry
especially around the dehiscence line. Seeds round, 0.8–1.1
mm in diameter, lenticular. Pollen grains 17–22 µm in diam-
eter, with 20–30 pores, each of 1.5–1.7 µm in diameter. 
Chromosome Number. Mulligan (1984) reported a chro-
mosome count of 2n = 32 for A. albus from Indian Head,
Saskatchewan. This is identical to that reported in California
(Heiser and Whitaker 1948) and in other regions of the
world (see the database of Missouri Botanical Garden—W3
Tropicos 2003). In contrast, Sharma and Banik (1965)
reported 2n = 34 from India.
II. Amaranthus blitoides S. Watson—Seedlings usually with
a longer hypocotyl than A. albus (2.5–7 cm). The cotyledons
are uniform in shape, lanceolate, 15 × 3 mm, with a longer
petiole (up to 7 mm) than A. albus. The epicotyl is glabres-
cent (nearly hairless) and the first leaves are obovate,
glabrescent, with 2–4 secondary veins. Mature plants—
According to Cole and Holch (1941) the roots may reach 50
cm in depth and spread horizontally for 120 cm. Stems are
10–70 cm long, branched, prostrate to decumbent, glabres-
cent (the hairs are sparse, microscopic, formed from 1–3
cells). The stems shrivel and disappear after the first frost.
The entire plant is somewhat fleshy, with oblong-lanceolate
(between four and six times as long as wide, with parallel
margins) or obovate-spathulate (about three times as long as
wide, wider above and spoon shaped) leaves with white-
membranous, plane (flattened) margins. The inflorescences
are dense axillary cymes. The bracteoles are foliaceous (leaf-
like, not spinose as in A. albus), shorter than the flowers.
Tepals 4–5, unequal, oblong to elliptic. Stamens 3. Stigma 3,
recurved. Fruit circumscissile, 2–2.2 mm long, smooth or
weakly wrinkled above the dehiscence line, globose to
obovoidal, longer than the tepals. Seeds round to broad-ellip-
tic, 1.5–1.7 × 1.4–1.5 mm. Pollen grains 21–25 µm in diam-
eter, with 30–45 pores, each of 2.8–3.3 µm in diameter.
Chromosome Number. No chromosome counts are available
from North America, but the species was reported to have 
2n = 32 in Europe (see the chromosome counts reviewed by
Missouri Botanical Garden—W3 Tropicos 2003).
III. Amaranthus blitum L. Seedlings—are variable at the sub-
species level (see section 2c). Mature plants—Stems up to
120 cm, procumbent, ascending to erect, glabrous or with
sparse, multicellular, uniseriate hairs. Leaves 2–8 × 1–5 cm,
rhombic-ovate (rhombic, about three times as long as wide and
widest near the base) short-cuneate (wedge shaped) to truncate
at base, emarginate (having a broad notch) to bilobed at apex,
somewhat fleshy, green or reddish. Flowers in axillary cymes
or with both axillary cymes and a terminal, variable inflores-
cence: short, dense and thick, to long thin, branched and flex-
uous. Bracteoles foliaceous or membranous, shorter than the
flowers. Tepals 3, equal, 1.5–2 mm long, linear to (rarely)
spathulate, shorter than the fruit. Fruit indehiscent, 1.2–2.6
(–3) mm long, ellipsoidal to globose, gradually or abruptly-
narrowed toward the stigma region. When fresh, the pericarp
is almost smooth, when dried, it is irregularly wrinkled in the
zone with the seed, the rest of the fruit being smooth. Seeds
round to broad-ovate. Pollen grains 19–23 µm in diameter,
with 32–45 pores. The size of the seeds and fruits is variable
at the subspecies level (see section 2c).
Chromosome Number. Chromosome counts are available
only from Europe, Asia and Africa and are identical for both
subspecies: 2n = 34 (Hügin 1987; reviewed by Missouri
Botanical Garden—W3 Tropicos 2003). 
(b) Distinguishing Features—Wetzel et al. (1999) used
PCR-based molecular markers (restriction enzyme analysis
and amplified ribosomal DNA) to identify young plants of
Amaranthus species. The three species described in the pre-
sent account can be easily identified morphologically at the
adult stage, and normally cannot be confused with any other
Amaranthus species recorded in Canada (Costea and Tardif
2003a). The only exception is Amaranthus californicus
(Moq.) S. Wats., which is very closely related to A. albus,
but A. californicus is restricted to southern Alberta and
Saskatchewan, where it is rare (Scoggan 1978; Costea and
Tardif 2003a). During the flowering-fruiting stages, A.
albus is easily recognizable by its erect, whitish, divaricate
stems and spiny bracteoles; A. blitoides by its prostrate
habit, fleshy (usually) obovate-spathulate leaves, its 4–5
tepals and big seeds; A. blitum by its emarginate to bilobed
leaves, (often) the terminal inflorescence and indehiscent
fruits. Mature plants with fruits and seeds can be identified
using the following key.
Identification key to mature plants of A. albus,
A. blitoides and A. blitum.
A. Stems rigid, whitish, bushy-branched, persistent over the
winter. Bracteoles spinescent, 2–3 times as long as the
flowers ................................................................A. albus
A. Stems more fleshy, green or reddish, disappear after
frost. Bracteoles minute, foliaceous or membranous,
shorter than the flowers..................................................B
B. Leaves obovate-spathulate to oblong-lanceolate. Flowers
with 4–5 tepals. Fruit circumscissile ..............A. blitoides
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B. Leaves rhombic-ovate, emarginate or bilobed. Flowers
with 3 tepals. Fruit indehiscent ........................A. blitum
(c) Intraspecific Variation—All Amaranthus species exhib-
it morphological, phenological and biological variation.
Much of the phenotypical variation received taxonomic rank
in the past (e.g., Uline and Bray 1894; Thellung 1914;
Morariu 1952; Priszter 1953). The pattern of branching and
size of the plants and leaves are influenced by the availabil-
ity of light, water and nutrients. Mechanical factors such as
clipping or trampling trigger development of secondary
branches. Such ecophenes do not deserve taxonomic status,
but are important as ecological indicators (Costea and
DeMason 2001).
I. Amaranthus albus—Approximately 50 varieties, forms
and sub-forms were described in the past, especially in
Europe (Thellung 1914; Priszter 1953; Morariu 1952). The
range of variation includes the size of plants, the pattern of
stem branching and its colour (e.g. red stems in f. rubicun-
dus Thellung). Other morphological variations include: lam-
ina crisped on the margins, very short bracteoles (1.5–2 mm
long), reduction in the number of tepals (1 or 2 tepals can be
rudimentary), colour of the fruits (e.g. red fruits), partially
dehiscent or indehiscent fruits and smooth fruits (personal
observation). 
II. Amaranthus blitoides—This species is less variable than
A. albus but it may also show considerable phenotypic plas-
ticity. Variation includes: stems erect or ascendant, lamina
shape, the density of branches and leaves, the number of
tepals in the perianth (normally 4–5, sometimes 3) and
colour of the fruit (e.g. red fruits in f. rubricapsulatus
Bujorean). With regard to variation of the leaf shape, one
variety may not be an ecophene; var. reverchonii Uline &
Bray (personal observation). It can be distinguished from
var. blitoides as follows:
A. Leaves obovate-spathulate (ratio length : width is 
2:1, mesophyll thick, somewhat fleshy. Lamina apex
rounded ..................................................var. blitoides
B. Leaves oblong-lanceolate (ratio length: width >2:1), mes-
ophyll thinner. Lamina apex acute ..........var. reverchonii
Although var. reverchonii is infrequent in Canada, it is
common across the United States (Costea, unpublished)
and it appears that the two varieties differ ecologically
(Ciocarlan 1978). 
III. Amaranthus blitum—Three subspecies can be recog-
nized on the basis of their morphology and ecology (Costea
et al. 2001a). Subsp. oleraceus (L.) Costea is cultivated as a
vegetable in Europe, Asia and Africa and therefore is not
described in the present account. The two other sub-
species—subsp. blitum and subsp. emarginatus—are par-
tially sympatric, but are separated ecologically (Hügin
1987; Costea et al. 2001a). Amaranthus blitum subsp. emar-
ginatus (Moq. ex Uline & Bray) Carretero, Munoz
Garmendia & Pedrol is recorded here for the first time in
Canada. Based on the general habit of the plants, two vari-
eties (treated as subspecies by Hügin 1987) can be recog-
nized in A. blitum subsp. emarginatus: var. emarginatus and
var. pseudogracilis (Thell.) Lambinon. 
Identification key to subspecies and varieties of
Amaranthus blitum
A. Stems slender, prostrate or ascendant. Cotyledons nar-
row-elliptic with acute apices, 6–7 × 3–6 mm. The leaves
are not fleshy, are long-cuneate (wedge shaped) at base and
deeply emarginate (having a broad notch) to bilobed at apex.
Inflorescence entirely formed from axillary cymes (terminal
part absent or reduced) or mainly terminal, long, thin and
flexuous. Fruit 1.2–1.8 mm long. Seeds 0.8–1.1 mm in
diameter ..................................................subsp. emarginatus 
A1. Prostrate plants, leaves (0.75–)1–2 (–3.5) cm long;
inflorescence entirely formed from axillary cymes (ter-
minal part absent or reduced) ................var. emarginatus
A1. Ascending more vigorous plants with leaves 2–4
(–6) cm long, inflorescence mainly terminal, long, thin,
flexuous ..............................................var. pseudogracilis
A.Stems usually more vigorous than in subsp. emarginatus,
procumbent to ascendant. Cotyledons lanceolate, with rounded
to truncate apices, 9–18 × 3–6 mm. Leaves fleshy, emarginate
but never bilobed. Inflorescence entirely formed from axillary
cymes or with a thick, dense terminal part as well. Fruit 1.7–2.6
(–3) mm long, Seeds 1–1.2 mm in diameter ........subsp. blitum
(d) Illustrations—Amaranthus albus is illustrated in Fig. 1;
A. blitoides in Fig. 2; A. blitum subsp. emarginatus in Fig. 3.
The variation of leaves in A. albus and A. blitoides is shown
in Fig. 4. The seedlings, details of the fruits, tepals and
bracteoles are illustrated in Fig. 5. The seeds are presented
in Fig. 6. Photographs of the various stages in the develop-
ment of the plants are also available in: Hanf, 1983 (all 3
species; seedlings, pp: 60; mature plants, pp: 168); Royer
and Dickinson, 1999 (A. blitoides, pp: 4–5); Uva et al., 1997
(A. albus pp: 91, and A. blitoides pp: 93; the photograph
from page 93, left corner is A. blitum); Bubar et al. 2000 (A.
blitoides, pp: 224); Costea et al. 2001a (Fig. 1—A. blitum
subsp blitum and Fig. 2, 3—A. blitum subsp. emarginatus).
Illustrations of the three species can be seen online at
http://www.weedscience.org/photos/Photodisplayall.asp.
3. Economic Importance
(a) Detrimental—These three species have received much less
attention in North American literature than other species of the
genus Amaranthus. Crop losses associated with A. albus or A.
blitoides were reported in North America for pinto beans
(Phaseolus vulgaris L.) and potato (Solanum tuberosum L.) in
New Mexico (Arnold et al. 1993; Murray et al. 1994), and for
cotton (Gossypium hirsutum L.) in Oklahoma (Rushing et al.
1985). Crop losses produced by these three species in other
crops were reported from Greece (Vizantinopoulos and
Katranis 1994, 1998) and Israel (Qasem 1992).
Mulligan and Munro (1990) stated that A. blitoides, A.
hybridus L. and A. retroflexus L. can cause poisoning in pigs
and cattle in Canada. Poisoning of cattle by A. blitum and A.
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Fig. 1. Amaranthus albus, upper part of plant (herbarium specimen).
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Fig. 2. Amaranthus blitoides, upper part of plant (herbarium specimen).
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Fig. 3. Amaranthus blitum subsp. emarginatus (var. pseudogracilis), upper part of plant (herbarium specimen).
hybridus was also reported by Ferreira et al (1991) in Brazil. 
The three Amaranthus spp. are also hosts to fungal, viral
and bacterial pathogens, insects and nematodes that can
cause considerable damage to crops (see section 13).
(b) Beneficial
I. Amaranthus albus has had little practical use. Habib and
Abdul (1988) studied the phytotoxic influence of A. albus
extracts on dodder (Cuscuta campestris Yuncker) parasitiz-
ing alfalfa (Medicago sativa L.). They found that the effica-
cy of the extracts was comparable to treatments with
glyphosate and metribuzin. Fritz (2002) used it as a form of
artistic expression. 
II. Amaranthus blitoides has been proposed as an alternative
forage species (Costea and Halmajan 1996). Plants also can
be consumed as vegetables at the preflowering stage when
the protein concentration in the leaves reaches 25.3–32.9%
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and the levels of oxalates and nitrates are low (Wesche-
Ebeling et al. 1995). The species accumulates As, Pb and Cu
and was proposed for phytoremediation of contaminated
areas (de Haro et al. 2000).
III. Amaranthus blitum has been cultivated as a vegetable in
Africa, the Caribbean, China, Greece, India, Italy, Nepal,
and the South Pacific Islands (Stallknecht and Schulz-
Schaeffer 1993; McIntyre et al. 2001). The species has been
tolerated and allowed to disperse its seeds (semicultivated)
in vegetable gardens in Eastern Europe where it is also con-
sumed as a vegetable (Costea 1998). Immigrants from
countries where amaranth vegetable use is common, con-
tinue to purchase vegetable amaranths in the U.S.A. and
they represent a lucrative niche market (Makus 1990;
Stallknecht and Schulz-Schaeffer 1993). Oxalate levels are
not higher than in other vegetable crops (0.08% in the
leaves and 0.15% in the stems) and their content increases
Fig. 4. Variation in mature leaves of A. Amaranthus blitoides and B. A. albus. Leaves in the upper-row for each species are from middle
nodes of stems, while lower-row leaves are from higher-order branches.
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Fig. 5. Seedlings of A. Amaranthus blitum subsp. emarginatus, B. A. blitum subsp. blitum, C. A. blitoides, D. A. albus. Scale bar = 1 cm.
Fruits, flowers, tepals (t) and bracteoles (b) of E. A. albus, F. A. blitoides, G. A. blitum subsp. blitum, H. A. blitum subsp. emarginatus. Scale
bar = 1 mm.
only in plants grown under stress conditions (Der
Marderosian et al. 1980). Furthermore, the levels of
oxalates can be reduced significantly by steaming or boil-
ing leaves, which does not reduce nutrient levels (Stafford
et al. 1976).
Nitrate levels diminish in older plants and are influenced by
both genotype and environment (Sleugh et al. 2001). The
leaves were judged to be equal or superior in taste to spinach
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(Spinacia oleracea L.) (Abbott and Campbell 1982) and their
content of calcium, iron, and phosphorus is considerably high-
er (Igbokwe et al. 1988; Makus 1990). They are an excellent
source of dietary fibre and contain high amounts of protein (22
to 27%, rich in arginine, tryptophan, isoleucine and leucine),
vitamins (vitamin C: 130–150 mg 100 g–1, vitamin B: 33.7–45
mg 100 g–1), minerals (Ca 3.74%, Fe 0.5 mg 100 g–1, K 3.84%,
Mg 0.77%, P 0.44%, S 593 ppm, Al 592 ppm, Zn 282 ppm, Cu
65 ppm and antioxidants (Makus and Davis 1984; Teutonico
and Knorr 1985; Walters et al. 1988; Khader and Rama 1998;
Anonymous 2001a). Amaranthus spp. can yield 12 400 kg ha–1
dry weight of forage, which is highly digestible (Sleugh et al.
2001). The betacyanin pigments of A. blitum and other
Amaranthus spp. can be used as commercial food colouring, as
an alternative for the pigments from red beet (Beta vulgaris L.)
(Cai et al. 1998b; Cai and Corke 2000). Additionally, the seeds
of A. blitum are highly nutritious, with a high protein content
(19%) composed of easily digestible albumins and globulins
(over 50% of total protein), alkali-soluble glutelins (28%) and
alcohol-soluble prolamins (12%) (Zheleznov et al. 1997). 
Amaranthus blitum plants also have medicinal uses. Fluid
extracts or a decoction can be used in ulcerated conditions of
the throat and mouth, and due to its astringency, it is recom-
mended for diarrhea and dysentery (Grieve 1978). The juice of
A. blitum was found to inhibit mutagenesis induced by
benzo[a]pyrene, 2-amino-fluorene and 3-amino-1,4 dimethyl-
5H-pyridol in Salmonella typhimurium (Seung et al. 1997).
Fig. 6. Seeds of A. Amaranthus albus, B. A. blitoides, C. A. blitum subsp. blitum, D. A. blitum subsp. emarginatus. Scale bar = 0.5 mm.
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(c) Legislation—In Canada, A. albus is listed as a noxious
weed only in Manitoba (Anonymous 2001c). In the U.S.A.,
A. blitoides is listed as a “secondary noxious weed” in
Minnesota (Anonymous 2001d).
4. Geographical Distribution 
The current distributions of the three species are based on
herbarium specimens from ACAD, ALTA, BH, BRS, DAO,
HAM, LRR, MMMN, MT, MTMG, NSPM, OAC, OTT,
QFA, QK, QUE, SASK, SFS, TRTE, TUP, UAC, UBC,
USAS, UWO, UWPG, V, WAT, WIN and WIS (herbarium
abbreviations from Holmgren et al. 2003). Amaranthus
albus occurs in all the Canadian provinces, except the cold-
est ones: Yukon Territory, Northwestern Territories,
Nunavut, Newfoundland and Labrador (Fig. 7). Amaranthus
blitoides occurs in the same provinces as A. albus, except
Nova Scotia, Prince Edward Island and New Brunswick
(Fig. 8). Amaranthus blitum subsp. emarginatus is natural-
ized in Québec and there are a few recent collections from
the Greater Vancouver Region (UBC) (Fig. 9). Subspecies
blitum is represented by one old collection from Nova
Scotia (1895, MTMG) and some recent collections from
Muck Station, Ontario (OAC).
Originally native to the plains of Central North America
(Gleason and Cronquist 1991), A. albus spread both south
and southeast towards dry deserts and canyons, and north
towards the more humid and cooler regions of North
America. The precise native area of A. blitoides is difficult
to delimit. Most authors considered it a native of the
Western United States (e.g., Britton and Brown 1896;
Gleason and Cronquist 1991). Amaranthus blitum subsp.
blitum is native to the Mediterranean region, Eurasia and
North Africa and subsp. emarginatus to the tropics (Hügin
1987; Costea et al. 2001a). All three species have a wide
geographical distribution; A. albus is cosmopolitan and A.
blitoides and A. blitum are sub-cosmopolitan.
5. Habitat
(a) Climatic Requirements—There are no precise data
available on the climatic limitations of the three species.
Amaranthus albus is found in the widest range of climates.
Based on herbarium data, it can be found in ruderal vegetal
communities up to 1000 m elevation in typical temperate
conditions and at even higher elevations (2000–2200 m) in
high deserts from SW North America. Amaranthus 
blitoides appears to have similar climatic requirements to
A. albus. The third species, A. blitum, has a narrower range
and its higher temperature, water and fertility requirements
may be limiting its spread (see section 5b). The minimum
temperature required for germination and growth is 12 to
15°C for all three species (see section 8c). Additionally, A.
blitoides and A. albus can tolerate high temperatures
(Costea, unpublished). Populations of both species grow on
disturbed sands or dunes in many parts of the world. For
example, in the Danube Delta, plants are not affected by
summer temperatures reaching 70°C at sand level (Costea,
unpublished). The ecological preferences for temperature,
water and light are summarized below (Barralis 1983;
Costea 1998). 
I. A. albus—thermophyte to sub-thermophyte, xerophyte,
heliophyte. 
II. A. blitoides—thermophyte, xerophyte, heliophyte (var.
blitoides) or tolerant of shade (var. reverchonii). Ciocarlan
(1978) in a weed survey of SE Romania observed that pop-
ulations of var. blitoides were preferentially growing at the
margins of the crops (e.g. corn). Plants of var. reverchonii
occurred at high frequency and relative abundance under a
canopy of corn plants, suggesting that the two varieties are
ecologically separated by their different light requirements. 
III. A. blitum—thermophyte, mesophyte, heliophyte. Due to
its tropical origin, A. blitum subsp. emarginatus requires
warmer temperatures than subsp. blitum (Costea et al. 2001a). 
(b) Substratum—The only available data comparing distri-
bution of these species to soil type are those from the weed
surveys undertaken in Saskatchewan (Thomas and Wise
1983c, 1987, 1989). The highest frequencies and relative
abundances of A. albus and A. blitoides were recorded on
the Great Groups of Brown Chernozem and Dark Brown
Chernozem, medium texture. Such soils have developed
under conditions of the lowest available moisture in the
prairie region (Anonymous 1998). However, based on our
experience, A. albus and A. blitoides occur over a much
wider edaphic spectrum. Both species had higher frequen-
cies, densities and relative abundance on medium and
coarse textured soils compared to heavier soils. This con-
curs with observations recorded on herbarium labels; both
species growing on sandy soils, fixed sand dunes and allu-
vial sands. Amaranthus albus and A. blitoides can tolerate
a range of pH, varying from 4.5 to 8.5, but preferences are
for pH values closer to 7 (Costea, unpublished). The nitro-
gen requirement was evaluated on a scale from 1 (content
in the soil very low) to 6 (very high content of nitrogen).
Ratings of N4 and N5 characterize nitrophilous plants
(Costea 1998). Amaranthus albus: N2–3 (–4), A. blitoides
N4, A. blitum, N 4(–5) for subsp. blitum and N3–4 for
subsp. emarginatus.
The subspecies of A. blitum have different edaphic pref-
erences. Amaranthus blitum subsp. blitum can grow on a
wide variety of soil types, preferring those that are well-
drained and rich in nutrients, such as those used for many
field vegetables (Costea 1998). Amaranthus blitum subsp.
emarginatus prefers humid, nitrophilous alluvial sands
(Hügin 1986; Costea et al. 2001a). Bachmann and Kinzel
(1992) in Austria studied physiological and ecological
aspects of the interactions between plant roots and rhizos-
phere soil using A. blitum among five other plant species,
and four soil types. Amaranthus blitum decreased the sugar
and amino acid contents of the rhizosphere in all four soil
types. Ponce and Salas (1993), in a greenhouse experiment,
studied nutrient uptake by various crops and their associat-
ed weeds. Among the weeds, A. blitoides, A. retroflexus and
Chenopodium album L. showed the highest macronutrient
uptake. Each species had an increased uptake of a particular
nutrient: A. blitoides of Na, A. retroflexus of P and Mn and
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sons by scattering seeds, so that you could scarcely get rid
of it if you wished” (Fuchs 1999). Apparently, cultivation
of A. blitum in the Mediterranean region began to decline
in the 18th century after the introduction of spinach
(Costea et al. 2001a). 
The precise date when A. blitum was introduced to North
America is not known. According to Britton and Brown
(1896) and Fernald (1950), “A. lividus” growing from east-
ern Massachusetts to southern New York, United States, had
a tropical origin. However, a specimen collected from
Central Park, New York City in 1861 was identified as A.
blitum subsp. blitum by Costea et al (2001a), and therefore
had been introduced from Europe or North Africa. The ear-
liest Canadian specimen that we saw belongs also to A. bli-
tum subsp. blitum and it was collected from Tatamagouche,
Nova Scotia in 1895 (MTMG). The first records of the trop-
ical A. blitum subsp. emarginatus in North America are
more recent, dating from the 1930s. In Canada, the earliest
specimen that we saw was collected in 1938, in Saint-
Vincent de Paul, Québec (DAO). 
7. Growth and Development
(a) Morphology—The three Amaranthus species have all
the attributes required by ecologically successful annual
weeds: rapid growth, early reproduction and continuous
seed production (Cousens and Mortimer 1995). Cheplick
(2001), studying the relationships between vegetative
(VA) and reproductive allocation (RA) that occur in A.
albus in relation to soil nutrients, found that unfertilized
plants had significantly higher RA than fertilized plants.
Root and leaf masses were negatively correlated with RA.
If sufficient resources were available, VA was temporarily
allowed, but only to support new allocations towards flow-
ering and seed maturation. The result is an indeterminate
vegetative growth pattern, accompanied by continuous ini-
tiation of flowers and maturation of seeds. Unfavorable
conditions and senescence stop the process. In A. albus,
the size of leaves is maximal in young plants and con-
stantly decreases in older plants, on the secondary and
higher order branches. Cavers and Steel (1984) observed a
similar pattern of variation in the size and weight of the
seeds in A. blitoides, and seven other species. The first
seeds produced were the largest, and progressively small-
er seeds developed as the plants aged. This observation can
be explained for A. blitoides through the allocation of the
same (or diminished) amount of resources to a constantly
increasing number of fertilized flowers, due to the devel-
opment pattern of the dichazial cymose units in the inflo-
rescences [see section 8 (a)].
Horak and Loughin (2000) conducted a 2-yr field study
comparing the growth rates of A. albus, A. retroflexus, A.
rudis Sauer and A. palmeri S. Watson. Of the four species, A.
albus had the slowest rate of height increase (0.08–0.09 cm
per growing degree day), the smallest values for plant vol-
ume (8 152–983 230 cm3), the lowest dry weight (163–
524 g) and smallest specific leaf area (127–190 cm2 g–1).
The size of plants is correlated with architectural traits such
as branch number and branch length, which together deter-
mine fitness, expressed as the number of seeds produced by
the plant (Cheplick 2002). Branch number and length are the
main determinants of overall plant size, with more seeds
being produced on longer branches (Cheplick 2002). The
number of primary branches in A. albus was found to be sim-
ilar to that in A. palmeri and A. powellii S. Watson (Horak and
Loughin 2000), with all three species having a high potential
for seed production. Amaranthus blitoides normally starts
branching early, from the axillary buds of cotyledons (Costea
and DeMason 2001). The stem of A. albus continuously ram-
ify divaricately, with the plants finally reaching a semispher-
ical shape that aids in seed dispersal. The prostrate stems of
A. blitoides branch many times and form compact mats with
diameters of up to 1 (1.5) m. Amaranthus blitum may have a
prostrate, ascendant or erect habit depending on infraspecific
variability and the environmental conditions.
Anatomical data—The most interesting anatomical feature of
Amaranthus spp. is the mechanism of secondary growth in the
roots and the base of the stems (reviewed by Costea and
DeMason 2001). Secondary growth is characterized by the
development of successive, concentric and centrifugally
developing cambial zones, which generate a complex structure
consisting of hundreds of collateral bundles included in a
ground-tissue. The growth activity of the first cambium in
stems in A. blitoides and A. blitum is much more limited com-
pared to that of A. albus, which explains why the stems of the
latter species are more lignified and persistent over the winter. 
The leaves and bracteoles of the three species have C4
anatomy (Toma et al 1994; Costea 1998; Costea and Tardif
2003b). In the leaves, the tertiary bundles are surrounded by
a bundle sheath formed by a layer of tightly packed, thick-
walled cells containing many large chloroplasts (Kranz-
wreath). The mesophyll is dorsiventral, but the general
pattern is obscured by the radial organization of both palisade
and spongy parenchyma cells around the tertiary veins. The
Table 1. Frequency (%) of Amaranthus albus and A. blitoides in different longitudinal areas of Canada between 1922 and 1944 (Groh and Frankton
1949). – = species not encountered. BC = British Columbia, AL = Alberta, SK = Saskatchewan, MN = Manitoba, ON = Ontario, QC = Québec; 
w = western, e = eastern, nw = northwestern
Area of Canada
83–76°W 75–68°W 67–60°W
131–116°W 115–108°W 107–100°W 99–92°W 91–84°W Central ON e ON & Maritimes
BC & w AL e AL & w SK SK & w MN e MN & w ON Superior ON & nw QC Central QC & Gaspé
Number of surveys 713 364 427 192 117 947 921 1005
A. albus 4.0 11.4 18.7 15.6 4.2 9.5 5.3 1.9
A. blitoides 0.5 7.9 9.0 8.3 0.8 5.6 1.5 –
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dense vascularization ensures a fast and efficient loading of
sugars in the phloem and a greater capacity for translocation.
The stomata are located in each epidermis and are surround-
ed by 3–8 cells that do not differ in size and shape from other
epidermal cells (anomocytic type). The average density of
stomata in mature leaves is: A. albus—116 stomata mm–2 in
the lower epidermis and 92 stomata mm–2 in the upper epi-
dermis; A. blitoides—90 stomata mm–2 in the lower epider-
mis and 63 stomata mm–2 in the upper epidermis; A.
blitum—130 stomata mm–2 in the lower epidermis and 106
stomata mm–2 in the upper epidermis (Costea 1998).
Embryological data have only been published for other
Amaranthus spp. (e.g., Salakhova et al. 1995; Coimbra and
Salema 1999). The ovule is campylotropous (oriented trans-
versely and with a curved embryo sac), protected by two
thin (two-cell layered) integuments. The embryo sac is of
the “Polygonum” type. The endosperm is nuclear. The
embryo is curved around the seed margin. The food reserve
materials (starch and proteins) are not deposited in the thin
endosperm layer located outside the embryo, but in the
perisperm that develops from the nucellus and is enclosed
by the embryo (Koval 1954; Klopfer and Robel 1989). After
fertilization, the epidermal cells of the outer integument start
to accumulate tannin and their walls are thickened following
a specific pattern, forming projections called “stalactites” in
the cells of the seed coat (Klopfer and Robel 1989;
Tikhomirov and Fedorova 1997). The inner cell layer of the
inner integument is crushed during seed development. The
result of these developmental changes is a thin and struc-
turally simple exotestal seed coat, but at the same time
impermeable and resistant to mechanical and chemical
agents. The mature pericarp (fruit) also has a very simple
structure, two-layered in A. blitoides, three-layered in A.
albus and three- to four-layered in A. blitum (Costea et al.
2001b). Large intercellular spaces filled with air are formed
between the epidermis-mesocarp and the endocarp in the
fruits of A. blitum, giving them good buoyancy.
Furthermore, due to the intercellular spaces, the pericarp of
indehiscent fruits could play a significant role in imbibition
(Costea et al. 2001b).
(b) Perennation— The three species are annuals and over-
winter as seeds on or below the surface of the soil. Some
seeds of A. albus may overwinter on the mother plant if this
is not uprooted or if its stems do not break (see section 8b). 
(c) Physiological data—Amaranthus spp. have C4 photosyn-
thesis, with all the characteristics derived from it. The litera-
ture devoted to photosynthesis in Amaranthus spp. is quite
extensive (e.g. reviewed by Weaver and McWillimas 1980,
Nielsen and Anderson 1994; Ziska and Bunce 1999), but
studies referring to the three species examined in the present
paper are scarce. The aspartate aminotransferase enzyme that
participates as an electron shuttle and intercellular transport of
metabolites during C4 photosynthesis was detected by ultra-
cytochemistry in the cristae of mesophyll and bundle sheath
mitochondria of A. blitum (Fomina et al. 1981). Soluble Ca
was found to inhibit pyrophosphatase activity in crude plant
extracts of A. blitum (Gavalas and Manetas 1980). 
Table 2. Frequency, density and relative abundance of Amaranthus albus from weed surveys across Canada. Relative abundance is a combination of
the frequency, field uniformity (all fields) and mean field density (all fields) (see any of the cited weed surveys for more information). Most surveys
were conducted in the summer after herbicide treatment. x, data not available; –, species not recorded in the survey
Frequency Relative density Relative
Province Crop(s) Year (%) (no m–2) rank abundance Source
Alberta Spring wheat 1997 0 5 0.6 61 0.1 Thomas et al. (1998)
Barley 1997 0 5 0.8 62 0.1 Thomas et al. (1998)
Canola 1997 0.6 0.2 76 0.1 Thomas et al. (1998)
Saskatchewan Wheat, barley, oats, flax, rape, rye 1976 x x 54 x Thomas (1977)
Wheat, barley, oats, flax, rape, rye 1977 x x 54 <0.1 Thomas (1977)
Wheat, barley, oats, flax, rape, rye 1978 2.3 5.6 40 0.2 Thomas (1978a)
Wheat, barley, oats, flax, rape, rye 1979 x x 101 <0.1 Thomas (1979)
Spring wheat/durum 1976–1979 1.1 1.2 48 0.2 Thomas and Wise (1983c)
Spring wheat/durum 1986 4.8 2.6 23 2.2 Thomas and Wise (1987)
Winter wheat 1985 0.4 0.4 <0. 0.1 Thomas and Wise (1986b)
Winter wheat 1985–1988 0.5 0.4 75 0.1 Thomas and Wise (1989)
Barley 1976–1979 0.2 104.0 46 0.3 Thomas and Wise (1983c)
Barley 1986 0.8 1.6 54 0.3 Thomas and Wise (1987)
Oats 1976–1979 0.9 3.7 54 0.2 Thomas and Wise (1983c)
Oats 1987 4.2 1.8 29 1.2 Thomas and Wise (1987)
Spring wheat/durum, barley oat 1995 2.0 2.5 38 0.8 Thomas and al. (1996)
Lentil 1985 1.2 0.8 35 Douglas and Thomas (1986)
Lentil, field pea 1995 1.1 0.2 67 0.2 Thomas and al. (1996)
Canola, flax, mustard 1995 0.7 0.2 65 0.2 Thomas and al. (1996)
Sunflower 1985 6.0 0.3 25 Thomas and Wise (1986a)
Manitoba Wheat, barley, oats, flax, rape 1978 – – – <0.1 Thomas (1978a)
Barley 1997 3.6 0.2 58 0.7 Thomas et al. (1998)
Ontario Tomato 1960–1961 22 x 20 x Alex (1964)
Corn 1960–1961 18 x 20 x Alex (1964)
Corn, soybean, winter wheat 1988–1989 0.8 <0.1 56 0.2 Frick and Thomas (1990)
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Based on our observations, populations of these three
species growing in temperate regions have a facultative short-
day flowering response. Stoller and Myers (1989) studied the
responses to reduced irradiance in A. albus, common lamb-
squarters (Chenopodium album), eastern black nightshade
(Solanum ptycanthum Dun.) velvetleaf (Abutilon theophrasti
Medik.) and soybean [Glycine max (L.) Merr.]. Net photo-
synthesis of A. albus at 50 µE m–2 s–1 PPFD was surpassed
by the other species, and it was concluded that this species
was better adapted to intense light environments where it
could use its superior photosynthetic capacity. 
The cultivated biotypes of A. blitum were used to assess
physiological and biochemical responses of plants to heavy
metals, salt, cold and heat stress. Bhattacharjee (1997–1998)
determined that heavy metals caused a decline in ethylene evo-
lution in germinating seedlings and a considerable decrease in
the activities of free radical scavengers such as peroxidase,
catalase and superoxide dismutase. High salinity levels caused
membrane deterioration by membrane lipid peroxidation and
a decrease in ethylene formation by the primary leaves
(Bhattacharjee and Mukherjee 1996). An interdependence
between the concentration of Ca2+ and the accumulation of
proline was observed in seedlings subjected to short-term heat
and cold (Bhattacharjee and Mukherjee 1995a). Cold treat-
ments in the early imbibitional phase at 4°C for 12h decreased
germination and inhibited growth of seedlings. A decline of
ethylene formation and a loss of membrane integrity were
observed in chilled seedlings. The concentration of photosyn-
thetic pigments and the activity of protease were reduced.
Proline content did not change significantly in different treat-
ments (Bhattacharjee and Mukherjee 1995b). Amaranthus bli-
tum was also used in studies of fatty acid biosynthesis: acyl
lipid synthesis by chloroplasts isolated from chilling-sensitive
plants (Roughan 1986); the influence of endogenous acyl-acyl
carrier protein concentrations (e.g., Roughan and Matsuo
1992); the role of acetate concentrations in leaves (Roughan
1995) and the evidence for organization of enzymes of fatty
acids in chloroplasts into a multienzyme assembly that chan-
nels acetate into long-chain fatty acids (Roughan and
Ohlrogge 1996).
Amaranthus spp. pigments are betacyanins called ama-
ranthine, the 5-O-[2-O-(β-D-glycopyranosyluronic acid) β-
D-glucopyranoside] of betanidine (Cai et al. 1998a). A
peculiarity of Amaranthus spp. betacyanins is their associa-
tion with proteins (Cai et al. 1998a). The average protein
content of dried pigment of A. blitum was 24.2%. 
(d) Phenology—Germination of A. albus and A. blitoides
occurs in Southern Ontario from the middle of May to the
beginning of June. The first seeds of A. blitum germinate at
the end of June or beginning of July. Based on information
collected from herbarium specimens, flowering of A. albus
and A. blitoides in Southern Ontario begins at the end of
June or beginning of July, and of A. blitum at the end of July
or early August, continuing until senescence is induced by
the first fall frost (Stevens 1924). Seeds appeared to be
mature 20–30 d after flowering. Shedding of seeds (A. albus
and A. blitoides) and of the seeds enclosed in fruits (A. bli-
Table 3. Frequency, density and relative abundance of Amaranthus blitoides from weed surveys across Canada. Most surveys were conducted in the
summer after herbicide treatment. x, data not available; –, species not recorded in the survey
Frequency Relative density Relative
Province Crop(s) Year (%) (no m–2) rank abundance Source
British Columbia Barley 1978–1980 0.7 5.8 56 0.2 Thomas and Wise 1983a
Alberta Spring wheat 1997 0 9 0.3 50 0.2 Thomas et al. (1998)
Saskatchewan Wheat, barley, oats. flax, rape, rye 1976–1977 6.3 7.9 26 0.4, 1.5 Thomas (1977)
Wheat, barley, oats. flax, rape, rye 1978 5.2 1.4 31 1.2 Thomas (1978a)
Wheat, barley, oats. flax, rape, rye 1979 4.1 1.4 30 1.1 Thomas (1979)
Spring wheat/durum 1976–1979 5.5 2.1 24 1.4 Thomas and Wise (1983c)
Spring wheat/durum 1986 10.0 2.1 12 3.8 Thomas and Wise (1987)
Winter wheat 1985 1.4 0.8 61 0.3 Thomas and Wise (1986b)
Winter wheat 1985–1988 1.9 0.5 44 0.6 Thomas and Wise (1989)
Barley 1976–1979 2.2 1.3 42 0.4 Thomas and Wise (1983c)
Barley 1986 3.4 11.3 28 1.5 Thomas and Wise (1987)
Oats 1976–1979 1.3 0.3 59 0.2 Thomas and Wise (1983c)
Oats 1986 4.2 4.4 28 1.6 Thomas and Wise (1987)
Spring wheat/durum, barley oat 1995 3.0 1.3 36 0.8 Thomas and al. (1996)
Lentil 1985 6.0 0.7 17 1.6 Douglas and Thomas (1986)
Lentil, field pea 1995 1.1 1.0 59 0.3 Thomas and al. (1996)
Lax 1976–1979 10.7 0 9 21 2.6 Thomas and Wise (1983c)
Flax 1986 11.1 0.8 19 3.6 Thomas and Wise (1987)
Rape 1976–1979 0.6 1.1 58 0.1 Thomas and Wise (1983c)
Mustard 1985 5.6 3.0 28 1.2 Douglas and Thomas (1986)
Canola, flax, mustard 1995 3.1 1.4 37 0.8 Thomas and al. (1996)
Sunflower 1985 6.0 1.5 22 1.9 Thomas and Wise (1986a)
Manitoba Wheat, barley, oats, flax, rape 1978 3.6 2.9 32 0.9 Thomas (1978b)
Wheat, barley, oats, flax, canola 1986 1.0 1.3 54 0.3 Thomas and Wise (1988)
Barley 1997 1.4 0.2 51 0.7 Thomas et al. (1998)
Canola 1997 0.9 1.2 54 0.2 Thomas et al. (1998)
Annual crops 1978, 1979
1981 1.8 < 0.1 40 0.5 Thomas (1991)
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tum) extends throughout the rest of the growing season, due
to the indeterminate growth pattern of inflorescences and
the continuous formation of new flowers. 
In Canada, A. blitum could have more than one generation
per year only if germination of the second generation occurs
at the end of August and if the growing season lasts until the
end of October or November. The temperature requirements
for germination and growth of A. albus and A. blitoides are
lower than that for A. blitum and this makes it possible for
them to have two generations per year. However, further
studies are necessary to determine if seeds are capable of
germinating as soon they are produced, as are those of A.
blitum (see section 8c). 
Prather and Kearney (1995) in California used accumulat-
ed degree-days to predict emergence and phenological devel-
opment of A. blitoides, A. retroflexus and three other annual
weeds. Amaranthus blitoides seedlings emerged fastest, at
400 degree days, followed by A. retroflexus at 700 degree
days. The prostrate plants of A. blitoides grew faster than
plants of Solanum nigrum L., an erect species.
(e) Mycorrhiza – Amaranthus spp. have been regarded as
non-mychorrizal species (reviewed by Jordan et al. 2000).
However, Arriola et al. (1997) reported successful inocula-
tion with Glomus intraradicens Schenck & Smith, followed
by arbuscular mycorrhizal root colonization in Amaranthus
caudatus L. and A. tricolor L. Furthermore, vesicular-arbus-
cular mycorrhiza formation has been observed in A. blitum
growing as a weed in citrus orchards in Japan (Ishii et al.
1998). Nodule-like structures containing colonies of
microorganisms that may be involved in nitrogen fixation
were reported on both the roots and the stems of A. blitum
(Sampath and Mishra 1971).
8. Reproduction
(a) Floral biology—The flowers in Amaranthus spp. develop
in small and contracted dichazial cymes, the first flower with-
in each cyme being male and the subsequent flowers being
female (Murray 1940). Due to the dichazial pattern of branch-
ing of the cyme axis, the number of female flowers within the
inflorescence units increases in a geometric progression. New
cymes develop acropetally along with stem growth and the
male flowers from the upper cymes can fertilize female flow-
ers from lower cymes (personal observation). The cymes
arise from leaf axils in A. albus and A. blitoides. They are also
borne in a racemose or spiciform terminal synflorescence in
A. blitum. The flowers are small, green and unattractive. The
three species have self-compatible breeding systems and are
predominately self-pollinated by wind and gravitation (per-
sonal observation). There is no information available on the
outcrossing rate for these three Amaranthus species. The stig-
mas (2 or 3) of Amaranthus spp. belong to the “dry” type,
with the receptive part provided with 2–4 rows of uni- or
bicellular hairs (Costea et al., 2001b). The pollen grain is
small, with a diameter of 18–28 µm (Costea et al. 2001a;
Franssen et al. 2001). Generally, it has more than 18 sunken
pores (apertures) uniformly distributed (pantoporate), and it is
covered with granules or spinules, which ensure adherence to
the stigma hairs. 
(b) Seed Production and Dispersal—Both dehiscent (in A.
albus and A. blitoides) and indehiscent (in A. blitum) fruits
originate from the same type of syncarpous gynoecium. It
consists of two or three carpels, is not divided into compart-
ments and contains only one ovule (Costea et al. 2001b).
According to our observations of plants under greenhouse
conditions, the development of seeds after fertilization
required 20 to 30 d in all species, which is consistent with
the observations reported for cultivated amaranths (Gaspar
et al. 2001). 
A plant of A. albus can produce approximately 92 000 fer-
tile + 58 000 sterile seeds (Hügin 1986); 129 000 seeds
(Stevens 1932) or 400 000 seeds (Priszter 1953). A plant of
A. blitoides can produce 14 600 seeds (Stevens 1932).
Dispersal of seeds is accomplished in the same way as in
other Amaranthus spp. (Weaver and McWilliams 1980): by
wind, by birds, by other animals after ingestion and excre-
tion, as well as through farm machinery. The distance the
wind can carry seeds is limited to only a few m (1–3) around
the mother plant (personal observation). Mammals ingest the
seeds with the rest of the plants. Riegel (1942) in Kansas
found that some seeds from pellets of cottontails (Sylvilagus
spp.) and jack-rabbits (Lepus californicus melanotis Mearns)
were able to germinate. Furthermore, Seoane et al (1998)
studying the endozoochorous dispersal of A. albus by sheep,
found that the losses through chewing and/or digestion var-
ied from 11 to 50%. The seeds appeared in the dung after a
maximum of 10 d following ingestion, with a peak appear-
ance 2 d after ingestion (Seoane et al. 1998). The seeds of
Amaranthus spp. are consumed and spread by many bird
species (ornithochory) (Oberholser 1925). Water is another
agent of dispersal although it has received less attention in
Amaranthus spp. The seeds and fruits (in A. blitum) float eas-
ily and can be dispersed by rain drops or streamlets produced
on the soil by rain, surface irrigation, water courses, etc.
Wilson (1980) in a field study in western Nebraska, found
that seeds of A. retroflexus and A. blitoides were among the
most common encountered in surface irrigation canals,
accounting for 37% of all seeds collected in 1977.
Amaranthus spp. seeds were able to survive the high temper-
atures generated during composting (Geisel and Unruh 2001)
and thus could be dispersed at sites where compost is used.
Additionally, stems of A. albus can be uprooted (Britton and
Brown 1896) or they break off at ground level; and then the
entire plant can be carried long distances by the wind (Clark
and Fletcher 1906; Uva et al. 1997; Liebman et al. 2001).
According to our observations, the dried stems break off in
the collet region (the transition zone between the root and
stem). The seeds are released gradually while the plant is
blown by the wind (Muzik 1970).
(c) Seed Banks, Seed Viability and Germination—There are
no data available on the longevity of seeds of these three
species. However, taking into account their morphological
and physiological similarity to seeds of other Amaranthus
spp., it can be speculated that the seed banks of the three
species are relatively persistent (see literature reviewed by
Weaver and McWilliams 1980; Burnside et al 1996). 
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Dorado et al. (1999) described the weed seed bank
response to crop rotation and tillage in semiarid agroecosys-
tems from Spain. Amaranthus albus, and to a lesser extent A.
blitoides, dominated the seed bank, together having a relative
abundance of 39.8%. The results revealed large differences
in the weed seed bank as a consequence of different tillage
systems and crop rotations. Under a no-tillage system,
Amaranthus spp. exhibited an increase in the number of
seeds in the seed bank (18 264 A. albus seeds m–2; 106 A. bli-
toides seeds m–2) compared to a conventional tillage system
(641 A. albus seeds m–2; 32 A. blitoides seeds m–2). With
regard to crop rotations, the number of seeds in the seed bank
was greater in barley-vetch (A. albus 19 855 seeds m–2; 
A. blitoides 45 seeds m–2), followed by barley-sunflower
rotation (A. albus 9805 seeds m–2; A. blitoides 146 seeds
m–2) and barley monoculture (A. albus 7467 seeds m–2; 
A. blitoides 6 seeds m–2). Bàrberi et al. (1998) described the
changes in the seed bank under different tillage systems after
5 yr of continuous maize cropping. Although the weed seed
bank was largest under the organic system (100 761 seeds
m–2), A. blitoides had the highest values under the conven-
tional system (0.7% of total seeds in the 10–20 cm soil layer
and 0.4% in the 20–30 cm layer). Interestingly, the percent-
age of seeds in the 0–10 cm soil layer was zero. In the organ-
ic system, with reduced inputs and strip cultivation, the
relative density of A. blitoides seeds in the seed bank was 0.1
or < 0.1%. In Bulgaria, Dechkov (1985) reported 5 230 seeds
m–2 of A. blitoides var. reverchonii in a survey of soil sam-
ples (0–25 cm soil depth) within an area of 24 863 ha.
Purwanto and Poerba (1990) in Indonesia studied the
effects of drying, temperature and storage time on the
longevity of seeds of A. blitum, cultivated as a vegetable.
After 3 mo of storage at 28°C, the seeds showed a decline in
viability (from 92–95% to 79–90%) and moisture content
(from 17.2–19.1 to 14.4–15.8%) and an increased ion leak-
age. The effects gradually increased, and after 1 yr, less than
50% of the seeds were viable.
In all three species, germination occurs after imbibition,
when the radicle penetrates the micropyle and emerges from
the seed. The hypocotyl then elongates, pushing the seed out
of the soil. During movement through the soil the cotyle-
dons and the epicotyl are protected by the seed coat. The
seeds must be near the surface of the soil, at 0.5–4 cm depth
for emergence. Amaranthus blitoides seedlings were able to
emerge from deeper in the soil than A. albus (Giannopolitis
1981). Similar results were reported for other amaranths
(reviewed by Weaver and McWilliams 1980), and are prob-
ably the consequence of the limited nutritional resources of
the perisperm. Additionally, the nature of the soil surface
influences seedling emergence. Emergence of A. blitum
seedlings (cultivated as a vegetable) was delayed and con-
siderably reduced in the case of crust formation and muddy
soils (Gaspar et al. 2001). 
I. Amaranthus albus. The base temperature for germination of
A. albus was estimated to be 15.7°C. (Steinmaus et al. 2000).
The fastest germination —2 d until emergence—was obtained
at 20 to 26.6°C and 37.7°C (Santelmann and Evetts 1971).
Seed dormancy is controlled by phytochrome (Taylorson
1970; Chadoeuf-Hannel and Taylorson 1985a, b). Germination
is promoted by single or repeated short exposures to white or
red light, and temperature influences sensitivity to light.
Chadoeuf-Hannel and Taylorson (1985a) reported that dark
imbibition at 35 to 40°C, followed by 5 minutes of irradiation
with red light markedly increased germination. In order to
examine the relationship between light and temperature, the
authors suppressed germination with a pre-treatment of con-
tinuous incandescent light and a terminal far-red irradiation.
Red irradiation of inhibited seeds increased germination only
in seeds held at high imbibition temperatures (32–39°C).
Chadoeuf-Hannel and Taylorson (1985a) observed that when
pre-treated seeds were transferred to a lower temperature
(20°C) a reversal of the enhanced photosensitivity occurred.
Similarly, the high germination potential was re-established by
repeating a high temperature treatment. The light-temperature
interdependency could be an adaptation that prevents the ger-
mination of seeds briefly exposed to light during tillage, but
buried at depths where successful seedling emergence is
unlikely (Gallagher and Cardina 1998). Membrane lipids are
involved in the transition between the dormant and non-dor-
mant states in seeds. Changes in polar lipids were observed
within four hours after dormancy had been overcome by a
treatment with far-red light. The percentage of saturated lipid
increased in seeds in which dormancy was overcome, while it
decreased in dormant seeds (Chadoeuf-Hannel and Taylorson
1987). Germination of dormant seeds of A. albus is promoted
by NaNO3, thiourea, hydroxylamine salts, catechol and pyro-
gallol, accompanied by irreversible inhibition of catalase
(Hendricks and Taylorson 1975). Treatment with concentrated
sulfuric acid for two minutes increased germination to 60%
while untreated seeds had 41% germination (Santelmann and
Evetts 1971). Schonbeck and Egley (1981) observed enhanced
germination in A. albus, A. retroflexus and A. spinosus when
seeds were treated with ethylene. Increased germination was
also observed when seeds of A. albus and A. retroflexus were
treated with sodium azide (Hurtt and Taylorson 1980).
Germination of A. albus seeds was inhibited by two non-ionic
surfactants (Tween 20 and Tween 80 at 0.05–0.2%) at 20 or
30°C (Hurtt and Hodgson 1987).
II. Amaranthus blitoides germinated well at 25, 30, 35°C
and the germination percentage was greater at higher tem-
peratures (Martin 1943). Germination of A. blitoides is also
under phytochrome control. Kadman-Zahavi (1955) report-
ed that intermittent white or red light stimulated germina-
tion, while continuous incandescent illumination inhibited
it. Partially or entirely removing the seed coat stimulated
germination (Martin 1943). Santelmann and Evetts (1971)
reported that A. blitoides had a lower percentage germina-
tion than five other Amaranthus species (A. retroflexus, A.
hybridus, A. albus, A. spinosus and A. palmeri). The highest
germination, 37%, was observed after the seeds had been
treated with concentrated sulfuric acid for four minutes. 
III. A. blitum showed increased germination after 2 yr of
burial in paddy fields and a decreased percentage of germi-
nation after the third year in an experiment conducted in
Japan (Suzuki 1999). Teitz et al. (1990) studied the germi-
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nation response of A. blitum to temperature and light, seed
maturity [expressed as number of days after sowing (DAS)],
scarification and the influence of growth regulators (gib-
berellic acid and ethephon). The optimum temperature for
germination was 35°C. The seeds germinated better in light
regardless of DAS; percent germination was 84% and 49%
for 65 DAS and 85 DAS, respectively. Germination was
inhibited at 40°C. Treatment with 50% sulphuric acid for
2.5 minutes reduced the germination differences between 65
DAS and 85 DAS, but percent germination at 85 DAS was
consistently lower than at 65 DAS seeds (61% and 72%
respectively). Gibberellic acid (GA3) at 1 mM improved
germination of seeds in the dark to 73% for the 65 DAS
seeds and to 45% for the 85 DAS seed lot. Both seed lots
showed similar trends in response to ethephon, although
germination in the dark was lower than in the GA treatment
(22% for 65 DAS and 9% for 85 DAS). It was concluded
that the seeds of A. blitum have a light and seed-coat-
imposed dormancy. Costea (1998), using seeds from
Eastern European populations of subsp. blitum and subsp.
emarginatus, obtained similar results. The first seeds pro-
duced by the plants (end of June for A. blitum subsp. blitum
and middle of July for A. blitum subsp. emarginatus) germi-
nated better than the seeds produced before senescence (late
November for both taxa). Treatment with 1 mg L–1 gib-
berellic acid (GA3) increased the percentage of seeds ger-
minating in the dark and of the seeds collected in late
autumn by 54 and 17%, respectively. 
Bhattacharjee and Mukherjee (1998) investigated the
effect of high temperature treatment on the germination of
cultivated A. blitum. Transfer of seeds during the early imbi-
bitional phase, from 25 to 45°C, resulted in impairment of
germination by leakage of UV-absorbing substances (alpha-
NH2) and carbohydrates, a decrease in ethylene formation
and an increase in membrane damage. The authors suggest-
ed that greater membrane damage resulted from membrane-
lipid peroxidation in germinating seeds (Bhattacharjee and
Mukherjee 1998). 
Germination of A. blitum subsp. blitum and subsp. emar-
ginatus was not affected by leaving the pericarp intact. In
fact, it was suggested that the pericarp could play a signifi-
cant role in imbibition, due to the presence of extensive
intercellular spaces that absorb and retain water (Costea 
et al. 2001b). Under high atmospheric humidity in the
growth room, newly produced seeds of some A. blitum
accessions germinated in the fruits, on the mother plants.
According to our knowledge, this is the first case of vivipa-
ry reported for Amaranthus spp.
(d) Vegetative Reproduction—There has been no evidence
of vegetative reproduction. However, cuttings of A. blitum
root easily (Larkom 1991). We have also observed forma-
tion of adventive root primordia on the stems of the weedy
subspecies of A. blitum under growth–room conditions.
9. Hybrids
Amaranthus blitoides may hybridize with A. albus (= A. ×
budensis) (Priszter 1958) and A. blitum may hybridize with
A. viridis L. (Coons 1981). The hybrid between A. albus and
A. blitoides is intermediate between the parents. It differs
from A. albus through the shorter bracts and larger fruits and
seeds, and from A. blitoides by the ascendant or erect stems,
the longer bracts and smaller fruits and seeds (Priszter 1958;
Morariu 1952). Hybridization in amaranths in temperate
regions occurs infrequently and the F1 plants have reduced
fertility, but there is no data published so far regarding out-
crossing rates for the three species. 
10. Population Dynamics 
Similar to other amaranths (Weaver and McWilliams 1980),
the three species can germinate and emerge throughout the
growing season if moisture and temperature conditions are ade-
quate (Manabe and Itoh 1990; Costea 1998). A study of the
seedling emergence pattern of a weed community in a semi-
arid site in Colorado showed two major peaks (Anderson
1994). Amaranthus blitoides, green foxtail [Setaria viridis (L.)
Beauv.] and proso millet (Panicum miliaceum L.) predominat-
ed in the second peak, between May 30 and June 13. Tillage
increased the number of emerging seedlings, but did not affect
the overall weed community emergence pattern.
Taking into consideration their photosynthetic character-
istics, the three species have good competitive abilities at
high light intensities and temperatures. At reduced irradi-
ance, A. albus was inferior to Solanum ptycanthum (Stoller
and Myers 1989). Likewise, when growing under the
canopy of a crop such as soybean, A. albus was not as trou-
blesome as other Amaranthus species (A. retroflexus and A.
hybridus) (Chandler et al. 1984).
Qasem (1994, 1995) investigated the alellopathic effects of
A. blitoides, A. retroflexus and A. viridis on wheat (Triticum
durum Desf.) and barley (Hordeum vulgare L.) under laborato-
ry and field conditions. Laboratory experiments showed that
fresh shoot and root extracts of the three species reduced ger-
mination, and growth of wheat seedlings (coleoptile length,
root length and root dry weight). Under field conditions, incor-
poration of A. blitoides residues in soil reduced height, grain
and straw yield of wheat and barley (Qasem 1994, 1995). 
Alfalfa (Medicago sativa) residues mixed into vermiculite at
concentrations of more than 10% resulted in 80% inhibition of
germination and growth of A. blitum and several other weed
species (Jeon et al. 1995). A phytotoxic compound, diethil
pthalate, isolated from buckwheat (Fagopyrum esculentum
Moench), inhibited germination of A. blitum at 250 ppm (Eom
et al. 1999). Cut leaves of Imperata cylindrica (L.) Palisot,
mixed with soil at 1.6–3.2 g 100 g–1 soil in a greenhouse exper-
iment, significantly reduced the growth of A. blitum and chick-
weed (Stellaria media (L.) Vill.) (Tominaga and Watanabe
1997). Arteether, a derivative of artemisin from wormwood
(Artemisia annua L.) retarded seed germination and seedling
growth of A. blitum and several other weed and crop species
(e.g. Bagchi et al. 1998). A new compound, cycloxamide, iso-
lated from a strain of Streptomyces spp. found in upland soils
of Korea, showed herbicidal activity on several weeds, A. bli-
tum included, even at 10 ppm concentration (Choi et al. 1992). 
11. Response to Herbicides and Other Chemicals 
Amaranthus species are susceptible to most soil-applied and
foliar (postemergence) herbicides recommended for the
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control of dicot annual weeds in a range of crops (e.g.
Derksen et al. 1995; Dusky and Stall 1996; Sweat et al.
1998; Anonymous 2002). Residual control is often desir-
able, because multiple flushes of emergence usually occur
throughout the season. Selective foliar-applied herbicides
generally are effective up to the four to six leaf stage.
Amaranthus species also can be controlled readily by non-
selective herbicides, such as glyphosate, glufosinate, and
paraquat (Krausz et al. 1996; Jordan et al. 1997). 
Vencill et al. (1990) studied the patterns of clomazone
translocation and metabolism in A. blitum, A. hybridus and
A. retroflexus. They reported greater absorption of 14C clo-
mazone in the roots of the sensitive A. blitum and A.
retroflexus than in a tolerant biotype of A. retroflexus. Most
of the absorbed clomazone was traslocated acropetally to
the leaves via the xylem. The absorption and translocation
of pyridate, its effect on photosynthetic activity and its
metabolism were studied in A. blitoides, rigid ryegrass
(Lolium rigidum Gaudin) and chickpea (Cicer arietinum L.)
(Gimenez-Espinosa and De Prado 1998). The absorption of
pyridate in A. blitoides was slower than in chickpea plants,
but much faster than in L. rigidum. The study of transloca-
tion of pyridate showed that most of this herbicide
(60–90%) remained in treated leaves. 
Herbicide Resistance—No herbicide-resistant biotypes have
been reported in Canada for any of the three species examined
so far. An atrazine- and simazine-resistant biotype of A. albus
was reported in Spain in 1984, where it infested 40–200 ha in
11–50 sites (Heap 2002). Amaranthus blitoides was reported to
have developed resistance to photosystem II inhibitors (atrazine
and simazine) in Israel in 1983 (Sibony and Rubin 1996; Rubin
1997; Heap 2002) and in Spain in 1986 (De Prado et al. 1993;
Heap 2002). Results indicated that resistance to atrazine and
simazine in both A. albus and A. blitoides was caused by an
altered target site, similar to other atrazine resistant weeds (De
Prado et al. 1993). Resistance is due to a point mutation in the
chloroplast psbA gene, resulting in the substitution of Gly for
Ser at residue 264 in A. blitoides (Sibony and Rubin 2001). In
Israel, the triazine-resistant A. blitoides biotype infests between
405 and 4046 ha of cropland and roadsides in 501–1000 dif-
ferent sites (Heap 2002). A combination of flumioxazin + tri-
azines at 2.5 g a.i. ha–1 + 0.062 kg a.i. ha–1 efficiently controlled
triazine-resistant biotypes of A. blitoides and A. hybridus
(Yacoby et al. 1996). In Spain, triazine-resistant A. blitoides
infests 40–202 ha of orchards in 11 to 50 different sites. Sibony
and Rubin (2001) in Israel reported that two biotypes of A. bli-
toides examined on a whole-plant basis using in vitro assays,
revealed multiple-resistance to sulfonylureas, imidazolinones,
triazolopyrimidines, pyrimidinylthiobenzoates and triazines. A
single nuclear encoded gene, dominantly expressed, was
responsible for conferring resistance to the ALS inhibitors.
Two different point mutations were observed after sequencing
the ALS gene: Cyt337Thy in domain A, which determined a
substitution Pro188 Ser, and Gua1721Thy in domain B, which
resulted in a Trp569Leu substitution. Based on whole-plant dose
responses, the resistance to sulfometuron-methyl conferred by
the mutation in domain B was greater than the resistance con-
ferred by the mutation in domain A. Additionally, the 2 bio-
types exhibited a point mutation in the chloroplastic psbA gene,
Ser264Gly substitution in the D1 protein, which conferred resis-
tance to atrazine. The same mutation in the psbA gene was
noticed in a triazine-resistant biotype collected from another
location in Israel (Sibony and Rubin 2001). Populations of dod-
der (Cuscuta campestris Yunker) resistant to ALS inhibitors
were detected parasitizing resistant plants of A. blitoides
(Sibony et al. 1995).
Herbicide-resistant biotypes of A. blitum have been
reported from North America, Europe and Asia. In New
Jersey, approximately 25 ha are infested with imazethapyr-
or imazaquin (ALS inhibitors)-resistant A. blitum (Manley
et al. 1996; Heap 2002). The molecular basis of resistance in
A. blitum biotypes is currently unknown. Atrazine-resistant
populations of A. blitum were found in maize monocultures
in Ticino and Valais, Switzerland and in France (Heap
2002). In Malaysia, paraquat (bipyridiliums)-resistant A.
blitum was discovered in potato and sweet peas (Lathyrus
odoratus L.) (Itoh et al. 1992).
12. Response to other Human Manipulations
Anderson (2000) studied different cultural systems in attempts
to reduce or eliminate herbicide application in proso millet
(Panicum miliaceum) in semiarid Great Plains conditions
(Akron, Colorado). Amaranthus albus comprised about 30% of
the weed community, which also included A. retroflexus.
Amaranthus spp. data were combined together due to the diffi-
culty of identifying seedlings. In general, minimum tillage
(sweep plow once or twice) increased Amaranthus spp. densi-
ty sevenfold compared to the no-till system. Within the mini-
mum-till system, a higher density of crop seeding, nitrogen
fertilizer applied in bands and a delayed planting of proso mil-
let reduced Amaranthus spp. density, biomass and seed pro-
duction by 80% compared to other methods. With the no-till
system, only a delayed planting of proso millet caused a signif-
icant reduction of Amaranthus spp. biomass and seed produc-
tion. There is no information available regarding the responses
of these species to fertilizing, solarization, burning and other
human manipulations. 




(b) Birds and/other Vertebrates—See 8(b).
(c) Insects—El Aydam and Bürki (1997) provided a com-
prehensive review of insects associated with Amaranthus
spp., worldwide. Some 241 insect species were recorded
from 21 Amaranthus spp. However, only a few insect
species were associated with the Amaranthus spp. examined
in the present account. Predation studies (pre- and post-dis-
persal) are available only for other Amaranthus species (A.
retroflexus and A. powellii) and this information is reviewed
in an updated version of Weaver and McWilliams (1980)
(Costea et al. in preparation).
Diptera—Amaranthus blitoides is a host of Tetanops
myopaeformis Roder, one of the most important insect pests
of sugarbeets in North America (Blickenstaff et al. 1977;
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Campbell et al. 1998), and of Asphondylia amaranthi Felt.
(Barnes 1948). 
Homoptera—Umeda (1996), citing unpublished data of
Natwick and Bell, mentioned that A. albus is a host for the
silverleaf whitefly (Bemisia argentifolii Bellows & Perring),
on which the insects occurred at low densities. In Egypt and
Iran, A. blitum was associated with Bemisia tabaci
Gennadius, the tobacco whitefly, also referred to as the sil-
verleaf or sweet potato whitefly (reviewed by Bendixen 
et al. 1981) and Aphis gossypii Glover (cotton and/or melon
aphid, Kolaib et al. 1986). 
Lepidoptera—Amaranthus albus is a host of caterpillars of
Pholisora catullus Fabricius in the Chihuahuan Desert, El
Paso (Texas) and Ciudad Juarez (Mexico) (Lieb 2001).
Amaranthus blitum was recorded to be a host of Hawaiian
beet webworm, (Hymenia recurvalis Fabricius), in
Australia, Pakistan and India (Bendixen et al. 1981;
Miyahara 1993). 
Orthoptera—Amaranthus blitum is an alternate host of the
rice grasshopper, (Hieroglyphus banian Fabricius) in India
(Vyas et al. 1984). 
Thysanoptera—A. blitum (“A. oleraceus”) is a host of
Haplothrips longisetosus Anathakrishnan in India
(Waterhouse 1994 cited by El Aydam and Bürki 1997).
(d) Nematodes—Gaskin (1958) reported A. albus and A. bli-
toides as hosts for Meloidogyne incognita (Kofoit and
White) Chitwood in Indiana. Faulkner and McElroy (1964)
found M. hapla Chitwood on “A. graecizans” from
Washington. Hafez and Seyedbagheri (1999) in Idaho and
Eastern Oregon reported both A. albus and A. blitoides as
hosts for the sugar beet cyst nematode (Heterodera
schachtii Schmidt), one of the major pests of sugar beet pro-
duction in the world. Amaranthus blitum in Hungary was
found to be infected with Meloidogyne incognita and M.
arenaria (Neal) Chitwood (Amin and Budai 1994) but was
considered a “moderate” host for Meloidogyne ssp. in
Pakistan by Anwar et al. (1992). Pratylenchus coffeae
Goodey was found on A. blitum in Central America
(Edwards and Wehunt 1973).
Diseases
(a) Fungi—North American Records: Albugo bliti (Biv.-Bern.)
Lev. on “A. graecizans” from “North America” (Wilson 1908),
Minnesota (Preston and Dosdall 1955), North Dakota
(Brenckle 1917) and on A. blitoides from North Dakota
(Brenckle 1917); Cercospora brachiata Ellis & Everh. on A.
albus from the U.S.A. (Farr et al 1989) and A. blitoides from
Delaware (Sumstine 1949; Greene 1955); Colletotrichum coc-
codes (Wallr.) Hughes on A. blitum from the U.S.A. (Raid and
Pennypacker 1987); Phoma amaranthicola Brunaud on “A.
graecizans” from Oregon (Shaw 1973); Puccinia aristidae
Tracy on A. blitoides and A. albus from the U.S.A.
(Anonymous 1970; Farr et al. 1989); Phymatotrichopsis
omnivora (Duggar) Hennebert on “A. graecizans” from Texas
(Anonymous 1970; Farr et al. 1989); Pythium ssp. on “A. grae-
cizans” from British Columbia (Ginns 1986); Pythium inter-
medium De Bary and P. irregulare Buisman on “A.
graecizans” from Ontario and British Columbia (Ginns 1986);
Puccinia aristidae Tracy on A. blitoides from Colorado
(Anonymous 1970); Rhizoctonia solani Kühn on A. blitoides
and A. albus from Illinois, Texas and Washington (Anonymous
1970; Farr et al. 1989); Thanatephorus cucumeris (A.B. Frank)
Donk on “A. graecizans” from Washington (Shaw 1973);
Verticillium dahliae Kleb. on “A. graecizans” from British
Columbia (Ginns 1986). 
Fungi—World-wide Records: Albugo bliti (Biv.-Bern.) Lev.
on A. albus from Bulgaria and Russia, on A. blitum from
Bulgaria, China, Greece and Nepal (Anonymous 2001b);
Alternaria amaranthii (Peck) Van Hook on A. blitum from
China (Anonymous 2001b); Oidium spp. on A. blitum from
Pakistan (Anonymous 2001b); Peronospora amaranthi
Gäum on A. blitum from Switzerland (Constantinescu
1991); Thielaviopsis basicola (Berkeley & Broome) Ferraris
on A. blitum (Klimova 1979). Additional fungi parasitizing
Amaranthus spp. in Europe are recorded in Brandenburger
(1985). 
Infection by Albugo bliti (Biv.) Kuntze on the leaves of A.
blitum caused a decrease in turgor, total chlorophyll and
total proteins, but increased total carbohydrates, polyphe-
nols and titrable acidity (Sakhare and Thite 1986). 
Biocontrol with fungi—Mintz et al. (1992) conducted
growth chamber and field tests to evaluate the pathogenity
of Aposphaeria amaranthi Ell. & Barth. Seedlings of A.
albus in the growth chamber were killed within 2 d of inoc-
ulation with 1 × 106 conidia per milliliter and an 8 h dew
period at 28°C. Dew temperatures from 20 to 28°C posi-
tively influenced disease development. In field tests, 99% of
seedlings were killed when sprayed “to run off” with
Aposphaeria amaranthi at 1 × 106 conidia per milliliter.
Roskopf et al. (2000a) described a new fungal species,
Phomopsis amaranthicola, isolated in Florida from stem and
leaf lesions of weedy amaranths. This fungus was found to be
pathogenic on 22 Amaranthus spp., causing stem and leaf
blight. After penetration of the leaf cuticle, the fungus grew
within the intercellular spaces of the mesophyll, causing a
growing necrotic area, and after 8 d, abscission of the leaves
occurred (Wyss and Charudattan 1999). Field results indicated
that Phomopsis amaranthicola was an effective biocontrol
agent for A. blitum, A. hybridus (including a triazine-resistant
population), A. viridis and A. spinosus (Roskopf et al. 2000b).
The best level of control was obtained when the fungus was
applied at 6 × 107 conidia per ml in conidial suspensions. A
high percentage of plant mortality (up to 100%) was recorded
two, four and six weeks after inoculation. The advantage of this
biocontrol agent is that pathogenity is restricted to Amaranthus
spp., and that the fungus produces a secondary inoculum in the
field. Wyss and Charudattan (2000) studied the interactions
between this fungus and various pesticides. Of the 22 pesticides
evaluated, three herbicides, diuron, sethoxydim and
imazethapyr, at the highest labeled rate (LR), were highly toxic
to Phomopsis amaranthicola but glyphosate and trifluralin at
0.25 LR and imazethapyr at 0.75 LR were compatible. In gen-
eral, the pesticides did not affect spore germination, but did
inhibit mycelial growth. It was concluded that it was possible
to integrate the use of P. amaranthicola with that of reduced
rates of compatible pesticides.
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(b) Bacteria—Black rot of crucifers (Xanthomonas
campestris pv. Campestris) in Jordan, was found on the
leaves (showing no symptoms of infection) of A. blitoides
(Mahyar and Khlif 1999). Amaranthus blitum in Greece is a
host of the bacterial leaf blight (Pseudomonas viridiflava
(Burkholder) Dowson) of melon, tomato, eggplant and pith
necrosis of chrysanthemum plants (Goumans and Chatzaki
1998). 
(c) Viruses—The virus nomenclature follows Brunt et al.
(2002). Horváth (1991) published a comprehensive world-
wide review of viruses associated with Amaranthus spp. The
63 Amaranthus species investigated were found to be sus-
ceptible to 121 viruses. Zitter (2002) provided a checklist of
weeds and crops as natural hosts for viruses in the
Northeastern U.S.A. 
North American Records—Amaranthus albus is a host of
the alfalfa mosaic alfamovirus (AMV) (Kaiser and Hannan
1983; Zitter 2002); beet yellows closterovirus (BYV)
(Thornberry 1966); potato potyvirus Y (PVY) and strawber-
ry latent ringspot nepovirus (SLRSV) (Zitter 2002).
Amaranthus blitoides is a host of alfalfa mosaic
alfamovirus, cucumber mosaic cucumovirus (CMV) and
potato potyvirus Y (Zitter 2002). “Amaranthus graecizans”
has been reported as a host of tomato spotted wilt tospovirus
(TSWV) (Anonymus 1970), beet curly top geminivirus
(BCTV) and beet yellows closterovirus (BYV) (Thornberry
1966). World-wide viruses associated with of A. albus and
A. blitoides can be found in Horváth (1991). 
There is no information about A. blitum as a host for
viruses in North America, but the species is a susceptible
host of amaranthus mosaic potyvirus (AMV) in India and
Central Asia (Brunt et al. 2002) and of tobacco mosaic
tobamovirus (TMV) (Cho et al. 2000). The species is addi-
tionally a host of alfalfa mosaic alfamovirus, cucumber
mosaic cucumovirus, tobacco mosaic tobamovirus (Horváth
1991), potato potexvirus X (PVX) (Nagaich and Upreti
1965) and tomato spotted wilt tospovirus (TSWV) (Jorda et
al 1995). “Amaranthus ascendens” (= A. blitum subsp. bli-
tum) was a reported host for the alfalfa mosaic alfamovirus,
cucumber mosaic cucumovirus, potato carlavirus M (PVM),
potato potexvirus X, potato potyvirus Y, tobaco mosaic
tobamovirus and turnip mosaic potyvirus (TuMV) (Horváth
1991). “Amaranthus emarginatus” (= A. blitum subsp.
emarginatus) was reported as a susceptible host for alfalfa
mosaic alfamovirus, cucumber mosaic cucumovirus, potato
potexvirus X and tobacco mosaic tobamo virus (Horváth
1991). The tospovirus in A. blitum was confined to the cor-
tical zone of stems; the chloroplasts showed peripheral vesi-
cles and virions occurred as clusters (Garg. et al. 1999).
ACKNOWLEDGEMENTS
We would like to thank Paul Cavers and two anonymous
reviewers for their criticism and helpful comments on a previ-
ous version of this manuscript. We also thank Melissa Wheeler
and Cheryl Corbett who reviewed parts of the manuscript.
Abbott, J. A. and Campbell, T. A. 1982. Sensory evaluation of
vegetable amaranth (Amaranthus spp.). HortScience 17: 409–410.
Alex, J. F. 1964. Weeds of tomato and corn fields in two regions
of Ontario. Weed Res. 4: 308–318.
Alex, J. F. 1966. Survey of weeds of cultivated land in the Prairie
Provinces. Agriculture Canada, Experimental farm, Research Branch,
Regina, SK. 68 pp.
Alex, J. F. 1992. Ontario weeds. Descriptions, illustrations and
keys to their identification. Ontario Ministry of Agriculture and
Food. Publication 505, Queen’s Printer for Ontario, ON. 304 pp. 
Amin, N. and Budai, C. S. 1994. Some weed host plants of the
root-knot nematode Meloidogyne species in South-Eastern
Hungary. Pak. J. Nem. 12: 59–65.
Anderson, R. L. 1994. Characterizing weed community seedling
emergence for a semiarid site in Colorado. Weed Technol. 8:
245–249.
Anderson, R. L. 2000. A cultural system approach can eliminate
herbicide need in semiarid proso millet (Panicum miliaceum L.).
Weed Technol. 14: 602–607.
Anonymous. 1970. Amaranthus. Pages 11–12 in Index of plant
diseases in the United States. USDA Agric. Handb. 
Anonymous. 1998. The Canadian system of soil classification. 3rd
ed. NRC Research Press, Ottawa, ON. 188 pp.
Anonymous. 2001a. Growth analysis and changes in nutritive
value in Amaranthus spp. Asian Research and Development
Center. [Online] Available: http://www.avrdc.org.tw/.
Anonymous. 2001b. Systematic botany and mycology laboratory
USDA. Host and fungal databases. [Online] Available: grin.gov/
fungaldatabases/ fungushost/FungusHostFrame.cfm 
Anonymous. 2001c. Pest management—weeds—declaration of
noxious weeds in Manitoba. [Online] Available: http://www.gov.
mb.ca/agriculture/crops/weeds.
Anonymous. 2001d. Invaders database system. Agricultural
Research Service U.S.D.A. [Online] Available: http://invader.
dbs.umt.edu. 
Anonymous. 2002. Guide to Weed Control 2002. Publication 75.
Ontario Ministry of Agriculture and Food, Toronto, ON. 
331 pp.
Anwar, S. A., Rauf, C. A. and Gorsi, S. D. 1992. Weeds as alter-
nate hosts of phytonematodes. Afro-Asia J. Nematol. 2: 41–47.
Arnold, R. N., Murray, M. W., Gregory, E. J. and Smeal, D.
1993. Weed control in pinto beans (Phaseolus vulgaris) with
imazethapyr combinations. Weed Technol. 7: 361–364.
Arriola, L., Niemira, B. A. and Safir, G. R. 1997. Border cells
and arbuscular mycorrhizae in four Amaranthaceae species.
Phytopathology 87: 1240–1242.
Bachmann, G. and Kinzel, K. 1992. Physiological and ecological
aspects of the interactions between plant roots and rhizosphere soil.
Soil. Biol. Biochem. 24: 543–552.
Bagchi, C. D., Jain, D. C. and Kumar, S. 1998. The phytotoxic
effects of arthemisin related compounds of Artemisia annua. J.
Med. Arom. Pl. Sci. 20: 5–11.
Bàrberi, P., Cozzani, A., Macchia, M. and Bonari, E. 1998. Size
and composition of the seed bank under different management sys-
tems for continuous maize cropping. Weed Res. 38: 319–334.
Barnes, H. F. 1948. Gall midges of economic importance. Vol. 4.
Crosby Lockwood, London, UK. 165 pp.
Barralis, G. 1983. Groupe de travail. Biologie, écologie et repar-
tition des principales mauvaises herbes de France. Comité Français
de lutte contre les mauvaises herbes. Columa, 47 pp.
Bendixen, L. E., Kim, K. U., Kozak. C. M., Horn, D. J. 1981. An
annotated bibliography of weeds as reservoirs for organisms affecting
crops. Ia. Arthropods. Research bulletin 1125, Ohio Agricultural
Research and Development Center, Wooster, OH. 117 pp.
Bhattacharjee, S. 1997–1998. Membrane lipid peroxidation, free rad-
ical scavengers and ethylene evolution in Amaranthus
as affected by lead and cadmium. Biol. Plant. (Prague) 40: 131–135.
COSTEA AND TARDIF — AMARANTHUS ALBUS L., A. BLITOIDES AND A. BLITUM 1061
Bhattacharjee, S. and Mukherjee, A. K. 1995a. Divalent calci-
um in heat and cold stress induced accumulation of proline in
Amaranthus lividus L. Geobios 22: 203–207.
Bhattacharjee, S. and Mukherjee, A. K. 1995b. Chilling-
induced physiological and biochemical responses in a tropical leaf
crop, Amaranthus lividus L. Ind. J. Exp. Biol. 33: 529–532.
Bhattacharjee, S. and Mukherjee, A. K. 1996. Ethylene evolu-
tion and membrane lipid peroxidation as indicators of salt injury in
leaf tissues of Amaranthus lividus seedlings. Ind. J. Exp. Biol. 34:
279–281.
Bhattacharjee, S. and Mukherjee, A. K. 1998. The deleterious
effect of high temperature during early germination on membrane
integrity and subsequent germination of Amaranthus lividus. Seed
Sci. Technol. 26: 1–8.
Blickenstaff, C. C., Peckenpaugh, R. E. and Mahrt, C. G. 1977.
Rating sugarbeets for damage by the sugarbeet root maggot. J. Am.
Soc. Sugar Beet Technol. 19: 188–191.
Brandenburger, W. 1985. Parasitische Pilze an Gefäspflanzen in
Europa. Gustav Fischer Verlag, Stuttgart, New York, 1248 pp.
Brenckle, J. F. 1917. North Dakota fungi—I. Mycologia 9:
275–293. 
Britton, N. L. and Brown, A. 1896. An illustrated flora of the
Northern United States, Canada and the British Possessions. Vol.
II, Charles Scribner’s Sons, New York, NY. 454 pp.
Brunt, A. A., Crabtree, K., Dallwitz, M. J., Gibbs, A. J.,
Watson, L. and Zurcher, E. J. (eds.) 2002. Plant viruses online.
[Online] Available: http://biology.anu.edu.au/Groups/MES/vide/ 
Bubar, C., McColl, S. J. and Hall, L. M. 2000. Weeds of the
Prairies. Alberta Agriculture, Food and Rural Development,
Edmonton, AB. 226 pp. 
Burnside, O. C., Wilson, R. G., Weisberg, S. and Hubbard, K.
G. 1996. Seed longevity of 41 weed species buried 17 years in
Eastern and Western Nebraska. Weed Sci. 44: 74–86.
Cai, Y. Z. and Corke, H. 2000. Production and properties of
spray-dried Amaranthus betacyanin pigments. J. Food. Sci. 65:
1248–1252. 
Cai, Y., Sun, M., Wu, H, Huang, R. and Corke, H. 1998a.
Characterization and quantification of betacyanin pigments from
diverse Amaranthus species. J. Agric. Food Chem. 46: 2063–2070.
Cai, Y. Z., Sun, M. and Clark, H. 1998b. Colorant properties and
stability of Amaranthus betacyanin pigments. J. Agric. Food.
Chem. 46: 4491–4495. 
Campbell, L. G., Anderson, A. W., Dregseth, R. and Smith, L. J.
1998. Association between sugarbeet root yield and sugarbeet root
maggot (Diptera: Otitidae) damage. J. Econ. Entomol. 91: 522–527. 
Carretero, J. L. 1995. Summer agrestal vegetation in dryland
crops in Spain. Candollea 50: 195–216.
Cavers, P. B. and Steel, M. G. 1984. Patterns of change in seed
weight over time on individual plants. Am. Nat. 124: 324–335.
Chadoeuf-Hannel, R. and Taylorson, R. B. 1985a. Enhanced
phytochrome sensitivity and its reversal in Amaranthus albus
seeds. Plant Physiol. 78: 228–231.
Chadoeuf-Hannel, R. and Taylorson, R. B. 1985b. Anaesthetic
stimulation of Amaranthus albus seeds germination: interaction
with phytochrome. Physiol. Plant (Copenhagen) 65: 451–454.
Chadoeuf-Hannel, R. and Taylorson, R. B. 1987. Changes in
lipid fatty acids associated with dormancy breaking in Amaranthus
albus seeds. J. Seed Technol. 11: 15–23.
Chandler, J. M., Hamill, A. S. and Thomas, A. G. 1984. Crop
losses due to weeds in Canada and the United States. Weed Sci.
Soc. Am. Champaign, IL, 22 pp.
Cheplick, G. P. 2001. Quantitative genetics of mass allocation and
the allometry of reproduction in Amaranthus albus: relation to soil
nutrients. Int. J. Plant Sci. 162: 807–816. 
Cheplick, G. P. 2002. Size and architectural traits as ontogenetic
determinants of fitness in a phenotypically plastic annual weed
(Amaranthus albus). Plant Species Biol. 17: 71–84.
Cho, H. J., Lee, S. J., Kim, S. and Klim, B. D. 2000. Isolation
and characterization of cDNA encoding ribosome inactivating pro-
tein from Dianthus sinensis L. Molecules and Cells 10: 135–141.
Choi, Y. C., Bae, Y. S. and Park, Y. S. 1992. Studies isolation,
purification and identification of a herbicidal compound produced
by Streptomyces spp. Res. Rep. Rur. Dev. Admin. (Suweon, South
Korea) 34: 28–34.
Ciocarlan, V. 1978. Observations on some weed species from
Southern Dobrodgea, Romania. Delectus Seminum IANB, pp: 41–42.
Clark, G. H. and Fletcher, J. 1906. Farm weeds of Canada.
Dominion of Canada, Ministry of Agriculture, Ottawa, ON. 99 pp.
Coimbra, S. and Salema, R. 1999. Ultrastructure of the develop-
ing fertilized embryo sac of Amaranthus hypochondriacus L. Ann.
Bot. 84: 781–789.
Cole, H. E. and Holch, A. E. 1941. The root habits of certain
weeds of southeastern Nebraska. Ecology 22: 141–147.
Coons, M. P. 1981. Hybridization between Amaranthus viridis L
and A. blitum L. Experientiae (Vicosa) 27: 179–194.
Constantinescu, O. 1991. An annotated list of Peronospora
names. Thunbergia 15: 1–110.
Costea, M. 1998. Monograph of the genus Amaranthus L. in
Romania. Ph.D. diss., University of Bucharest, College of Biology,
Bucharest, Romania. 210 pp.
Costea, M. and Halmajan, H. 1996. Some classical and less
known potential forage species of the genus Amaranthus L. from
Central Europe—a key for their identification and their most com-
mon synonymy. Zbornik Radova 26: 121–127.
Costea, M. and DeMason, D. A. 2001. Stem morphology and
anatomy in Amaranthus L. (Amaranthaceae)—taxonomic signifi-
cance. J. Torrey Bot. Soc. 128: 254–281.
Costea, M. and Tardif, J. T. 2003a. Conspectus and notes on the
genus Amaranthus (Amaranthaceae) in Canada. Rhodora 105: 63–84.
Costea, M. and Tardif, F. 2003b. The bracteoles in Amaranthus
(Amaranthaceae): their morphology, structure, function and taxo-
nomic significance Sida 20: 969–985.
Costea, M., Waines, G. and Sanders, A. 2001a. Notes on some
little known Amaranthus taxa (Amaranthaceae) in the United
States. Sida 19: 975–992.
Costea, M., Sanders, A. and Waines, G. 2001b. Structure of the
pericarp in some Amaranthus (Amaranthaceae) species—taxo-
nomic significance. Aliso 20: 51–60.
Cousens, R. and Mortimer, M. 1995. Dynamics of weed popula-
tions. Cambridge University Press, Cambridge, UK. 332 pp. 
Dale, M. R. T. and Thomas, A. G. 1987. The structure of weed
communities in Saskatchewan fields. Weed Sci. 35: 348–355. 
Darbyshire, S. J., Favreau, M. and Murray, M. 2000. Common and
scientific names of weeds in Canada. Research Branch, Agriculture
and Agri-Food Canada. Publication 1397/B, 132 pp.
De Prado, R., Dominguez, C. and Tena, M. 1993. Triazine resis-
tance in biotypes of Solanum nigrum and four Amaranthus species
found in Spain. Weed Res. 33: 17–24.
Dechkov, Z. 1985. A study on potential weed infestation in
Tolboukhin district (Bulgaria) Pochvoznaie Agrokimiya Rastitelna
Zashtita 20: 93–98. [In Bulgarian, English abstract].
Der Marderosian, A. D., Beutler, J., Pfendner, W., Chambers,
J., Yoder, R., Weinsteiger, E. and Senft, J. 1980. Nitrate and
oxalate content of vegetable amaranth. Proc. Second Amaranth
Conference, Rodale Press, Emmaus, PA. 31 pp. 
Derksen, D. A., Lafond, G. P., Thomas, A. G., Loeppky, H. A.
and Swanton, C. J. 1993. Impact of agronomic practices on weed
communities: tillage systems. Weed Sci. 41: 409–417.
1062 CANADIAN JOURNAL OF PLANT SCIENCE
Derksen, D. A., Thomas, A. G., Lafond, G. P., Loeppky, H. A.
and Swanton, C. J. 1995. Impact of post-emergence herbicides on
weed community diversity within conservation-tillage systems.
Weed Res. 35: 311–320.
Dorado, J., Del Monte, J. P. and López-Fando, C. 1999. Weed
seedbank response to crop rotation and tillage in semiarid agroe-
cosystems. Weed Sci. 47: 67–73.
Douglas, D. W. and Thomas, A. G. 1986. Weed survey of
Saskatchewan mustard, lentil and dry pea crops. 1985. Weed Survey
Series Publ. 86–2, Agriculture Canada, Regina, SK. 50 pp.
Doyon, D., Bouchard, C. J. and Néron, R. 1986. Inventaire des
mauvaises herbes dans les cultures du Québec. Vol. 1. Principales
données des relevés floristiques et agronomiques de la région agri-
cole de Québec (1980–1984) (02). Gouvernement du Québec,
Ministère de l’Agriculture des Pêcheries et de l’Alimentation, QC.
41 pp.
Doyon, D., Bouchard, C. J. and Néron, R. 1987a. Inventaire des
mauvaises herbes dans les cultures du Québec (1980–1984). Vol.
2. Principales données des relevés floristiques et agronomiques de
la région agricole des Cantons-de-l’Est (05). Gouvernement du
Québec, Ministère de l’agriculture des Pêcheries et de
l’Alimentation, QC. 49 pp.
Doyon, D., Bouchard, C. J. and Néron, R. 1987b. Inventaire des
mauvaises herbes dans les cultures du Québec (1980–1984). Vol. 3.
Principales données des relevés floristiques et  agronomiques de la
région agricole de Richeliu (06). Gouvernement du Québec, Ministère
de l’Agriculture des Pêcheries et de l’Alimentation, QC. 93 pp.
Doyon, D., Bouchard, C. J. and Néron, R. 1987c. Inventaire des
mauvaises herbes dans les cultures du Québec (1980–1984). Vol. 4.
Principales données des relevés floristiques et agronomiques de la
région agricole de Richeliu (07). Gouvernement du Québec, Ministère
de l’Agriculture des Pêcheries et de l’Alimentation, QC. 101 pp.
Doyon, D., Bouchard, C. J. and Néron, R. 1987d. Inventaire des
mauvaises herbes dans les cultures du Québec (1980–1984). Vol. 5.
Principales données des relevés floristiques et agronomiques de la
région agricole de Richelieu (10). Gouvernement du Québec, Ministère
de l’Agriculture des Pêcheries et de l’Alimentation, QC. 93 pp.
Dusky, J. A. and Stall, W. M. 1996. Evaluation of imazethapyr for
weed control in leafy vegetable crops. Weed Technol. 10: 253–257.
Edwards, D. J. and Wehunt, E. J. 1973. Hosts of Pratylenchus
cofeae with additions from Central American banana-producing
areas. Plant Dis. Rep. 17: 47–51.
El Aydam, M. and Bürki, H.-M. 1997. Biological control of nox-
ious pigweeds in Europe: a literature review of the insect species
associated with Amaranthus species worldwide. Biocontrol news
and Information 18: 11N–20N.
Eom, S. H., Kim, M. J., Choi, Y. H., Rim. Y. S., Yu, C. Y. and
Kim, E. H. 1999. Allelochemicals from buckwheat (Fagopyrum
esculentum Moench). Korean J. Weed Sci. 19: 83–89. 
Farr, D. F., Bills, G. F., Chamuris, G. P. and Rossman, A. Y. 1989.
Fungi on plants and plant products in the United States. APS Press.
The American Phythopatological Society, St. Paul, MN. 1152 pp.
Faulkner, L. R. and McElroy, F. D. 1964. Host range of north-
ern root knot nematode on irrigated crop plants and weeds in
Washington. Plant Dis. Rep. 48: 190–193.
Fernald, M. L. 1950. Gray’s manual of botany. 8th ed. American
Book Company, New York, NY. 1632 pp.
Ferreira, J. L. M., Riet Correa, F., Schild, A. L. and Mendez, M.
D. C. 1991. Poizoning of cattle by Amaranthus spp. (Amaranthaceae)
in Rio Grande de Sul, southern Brasil. Pesq. Vet. Brasileira 11: 49–54.
Fomina, I. R., Bil, K. Y. and Magomedov, I. M. 1981. Localization
of aspartate aminotransferase in mesophyll and bundle sheath cells of
leaves of 4-carbon pathway plant Amaranthus lividus. Tsitologya 23:
1411–1416.
Franssen, A. S., Skinner, D. Z., Al-Khatib, K. and Horak, M. J.
2001. Pollen morphological differences in Amaranthus species and
interspecific hybrids. Weed Sci. 49: 732–737.
Frick, B. and Thomas, A. G. 1992. Weed surveys in different
tillage systems in southwestern Ontario field crops. Can. J. Plant
Sci. 72: 1337–1347.
Frick, B., Thomas, A. G. and Wise, R. F. 1990. Weeds of corn,
soybean, and winter wheat fields under conventional, conservation
and no-till management systems in southwestern Ontario 1988 and
1989. Weed Survey Series Publication 90–1, Agriculture Canada,
Regina, SK. 239 pp.
Fritz, D. 2002. Amaranthus albus project. [Online] Available:
http://www.unl.edu/fritz/images/amaranthus/
Fuchs, L. (1542). 1999. The great herbal of Leonhart Fuchs. De
historia stirpium commentarii insignes. G. Meyer, E. E. Trueblood,
and J. L. Heller, eds. Vol. 2. Stanford University Press, Stanford,
CA. 895 pp.
Gallagher, R. S. and Cardina, J. 1998. Phytochrome mediated
Amaranthus germination I: effect of seed burial and germination
temperature. Weed Sci. 46: 48–52. 
Garg, I. D., Hegde V., Khurana S. and Singh, M. P. 1999.
Ultrastructural studies on different host-tospovirus combinations.
Indian Phytopathology 52: 215–220.
Gaskin, T. A. 1958. Weed hosts for Meloidogyne incognita in
Indiana. Plant Dis. Rep. 42: 802–803.
Gaspar, G. M, Szocs, Z. and Mathe, P. 2001. Phenological studies
on cultivated Amaranthus species. Novenytermeles 50: 261–268.
Gavalas, N. A. and Manetas, Y. 1980. Calcium inhibition of
pyrophosphatase in crude plant extracts: Implication of soluble cal-
cium in 4-carbon pathway photosynthesis. Plant Physiol. 65:
860–863.
Geisel, P. M. and Unruh, C. L. 2001. Compost in a hurry.
Publication nr. 8034. University of California, Agriculture and
Natural Resources. [Online] Available: http:/ anrcatalog.ucdavis.edu.
Giannopolitis, C. N. 1981. Amaranthus weed species in Greece:
dormancy, germination and response to emergence herbicides. An.
Inst. Phytopatol. Benaki 13: 80–91.
Gimenez-Espinoza, R. and De Prado, R. 1998. Penetration,
translocation and metabolism of pyridate in chickpea. Pages
137–143 in R. De Prado, J. Jorrín, and L. García-Torres, eds. Weed
and crop resistance to herbicides. Kluwer Academic Publishers.
Dordrecht, The Netherlands. 
Ginns, J. H. 1986. Compendium of plant disease and decay fungi
in Canada 1960–1980. Agriculture Canada Publication 1813.
Canadian Government Publishing Centre, Ottawa, ON. 416 pp.
Gleason, H. A. and Cronquist, A. 1991. Manual of vascular
plants of northeastern United States and adjacent Canada. 2nd ed.
New York Botanical Garden, Bronx, NY. 910 pp.
Goumans, D. E and Chatzaki, A. K. 1998. Characterization and
host range evaluation of Pseudomonas viridiflava from melon,
blite, tomato, chrysanthemum and egg plant. Eur. J. Plant Pathol.
104: 181–188.
Greene, H. C. 1955. Notes on Wisconsin parasitic fungi. XXI.
Trans. Wisconsin Acad. Sci. 44: 29–43.
Grieve, M. 1978. A modern herbal: The medicinal, culinary, cos-
metic and economic properties, cultivation and folk-lore of herbs.
Vol. 1. Dover Publications Inc., New York, NY. 427 pp. 
Groh, H. and Frankton, C. 1949. The 1948–1949 Canadian weed
survey. Can. Dept. Agric. Reports 5th–7th, Ottawa, ON. 144 pp.
Gunther, R. T. 1959. The Greek herbal of Dioscorides. Hafner
Publishing Co., New York, NY. 701 pp.
Habib, S. A. and Abdul, R. A. A. 1988. Evaluation of some weed
extracts against field dodder on alfalfa (Medicago sativa). J. Chem.
Ecol. 14: 443–452. 
COSTEA AND TARDIF — AMARANTHUS ALBUS L., A. BLITOIDES AND A. BLITUM 1063
Hafez, S. H. and Seyedbagheri, M.-M. 1999. Sugarbeet cyst
nematode: impact on sugarbeet production in Idaho and eastern
Oregon. Resources for Idaho. [Online] Available: http://info.ag.
uidaho.edu/Resources/PDFs/BUL0792.pdf.
Hanf, M. 1983. The arable weeds of Europe with their seedlings
and seeds. BASF United Kingdom Limited, Suffolk, UK. 494 pp.
Haro de, A., Pujadas, A., Polonio, A., Fron, R., Velez, D.,
Montoro, R. and del Rio, M. 2000. Phytoremediation of polluted
soils after the toxic spill of the Aznalcollar mine using wild species
collected in situ. Fresenius Env. Bull. 9: 275–280.
Harrigan, S. 2001. The tumble weed. Texas monthly. [Online]
Available:  http://www.texasmonthly.com/ ranch/readme/tumble-
weed.php#begin.
Heap, I. 2002. International survey of herbicide resistant weeds.
[Online] Available: www.weedscience.com 
Heiser, C. B. and Whitaker, T. W. 1948. Chromosome number,
polyploidy and growth habit in California weeds. Am. J. Bot. 35:
179–186.
Hendricks, S. B. and Taylorson, R. B. 1975. Breaking of seed
dormancy by catalase inhibition. Proc. Natl. Acad. Sci. USA. 72:
306–309.
Holmgren, P. K., Holmgren, N. H. and Barnett, L. 2003. Index
herbariorum Part 1: The herbaria of the world. [Online] Available:
http://www.nybg.org/bsci/ih/searchih.html.
Horak, M. J. and Loughin, T. M. 2000. Growth analysis of four
Amaranthus species. Weed Sci. 48: 347–355.
Horváth, J. 1991. Amaranthus species (Family: Amaranthaceae)
as hosts of plant viruses: a review. Acta Phytopatol. Entomol.
Hungarica 26: 385–422.
Howitt, J. E. and MacLeod, J. D. 1940. The weeds of Ontario.
Bulletin 409, Ontario Department of Agriculture, Guelph, ON. 127 pp.
Hügin, G. 1986. Die Verbreitung von Amaranthus—Arten in der
südlichen und mittleren oberrheinebene sowie eingen angrenzenden
gebieten. Phytocoenologia 14: 289–379.
Hügin, G. 1987. Einige Bemerkungen zu wenig bekannten
Amaranthus-sippen (Amaranthaceae) Mitteleuropas. Willdenowia
16: 453–478.
Hurtt, W. and Taylorson, R. B. 1980. Further studies on azide-
stimulated weed emergence. Amaranthus retroflexus and A. albus.
Proc. Ann. Meet Northeast Weed Sci. Soc. Beltsville, MD. 34: 112.
Hurtt, W. and Hodgson, R. H. 1987. Effects of nonionic surfactants,
temperature, and light on germination of weed seeds. Weed Sci. 35:
52–57.
Igbokwe, P. E., Tiwari, S. C., Collins, J. B, Tartt, J. B. and
Russell, L. C. 1988. Amaranth—a potential crop for southwestern
Mississippi. Res. Report 10. Mississippi Agric. & Forestry Exp.
Sta., Mississippi State University, Starkville, MS. 86 pp.
Ishii, T., Matsumoto, I., Shresha, Y. H., Wamocho, L. S. and
Kadoya, K. 1998. Observation of vesicular-arbuscular mycor-
rhizal formation in the roots of some seasonal weeds proliferated
in Citrus orchards. J. Jpn. Hortic. Sci. 67: 556–558.
Itoh, K., Azmi, M. and Ahmad, A. 1992. Paraquat resistance 
in Solanum nigrum, Crassocephalum crepidioides, Amaranthus
lividus and Conyza sumatrensis in Malaysia. Proc. 1st International
Weed Control Congress, Melbourne, Australia 2: 224–228 
(Abstr.).
Jeon, I. S., Chung, I. M., Hur, J. H and Kim, E. H. 1995. The
allelopathic effect of alfalfa on crops and weeds. Korean J. Weed
Sci. 15: 131–140. 
Jorda, C., Ortega, A. and Juarez, M. 1995. New hosts of toma-
to spotted wilt virus. Plant Dis. 79: 538 (Abstr.).
Jordan, D. L., York, A. C., Griffin, J. L., Clay, P. A., Vidrine,
P. R. and Reynolds, D. B. 1997. Influence of application variables
on efficacy of glyphosate. Weed Technol. 11: 354–362.
Jordan, N. R., Zhang, J. and Huerd, S. 2000. Arbuscular-myc-
orrhizal fungi: potential roles in weed management. Weed Res. 40:
397–410.
Kadman-Zahavi, A. 1955. Effects of light and temperature on the
germination of Amaranthus blitoides seeds. Bull. Res. Counc. Isr.
4: 370–374.
Kaiser, W. J. and Hannan R. M. 1983. Additional hosts of alfal-
fa mosaic virus and its seed transmission in Amaranthus albus and
bean (Phaseolus vulgaris). Plant Dis. 67: 1354–1357. 
Khader, V. and Rama, S. 1998. Selected mineral content of com-
mon leafy vegetables consumed in India at different stages of
maturity. Plant Food Hum. Nutr. 53: 71–81.
Klimova, A. P. 1979. Thielaviopsis basicola on weed plants of
cotton fields in the Turkmen SSR, USSR. Biologiskie Nauka 5:
53–58. [in Russian, English abstract].
Klopfer, K. and Robel, J. 1989. Beitrge zur systematik, morphologie
und anatomie der gattung Amaranthus L. 2. Samenmorphologie und-
anatomie ausgewählter vertreter. Gleditschia 17: 171–182. 
Kolaib, M. O., Younes, M. W. E. and Darwish, E. T. E. 1986.
Hypolixus nubilosus as a factor in biological control of
Amaranthus weeds in Egypt. Ann. Agric. Sci. (Cairo) 31: 767–776.
Koval, T. 1954. Cechy morfologiczne I anatomiczne nasion rodza-
je Amaranthus L. oraz klucze do ich oznaczania. Monogr. Bot.
(Warszawa). pp: 170–191. [in Polish].
Krausz, R. F., Kapusta, G. and Matthews, J. L. 1996. Control of
annual weeds with glyphosate. Weed Technol. 10: 957–962.
Larkom, J. 1991. Oriental vegetables. The complete guide for gar-
den and kitchen. Kondansha International, Tokyo, Japan. 256 pp.
Lemieux, C., Larouche, A., Légère, A., Deschênes, J.-M. and
Rioux, R. 1988a. Inventaire des mauvaises herbes au Québec;
Cultures céréalières. Bulletin d’extension 2. Station de Recherches
Sainte-Foy, Agriculture Canada, QC. 84 pp.
Lemieux, C., Larouche, A., Légère, A., Deschênes, J.-M. and
Rioux, R. 1988b. Inventaire des mauvaises herbes au Québec;
Culture de maïs, de pommes de terre et de fraises. Bulletin d’ex-
tension 3. Station de Recherches Sainte-Foy, Agriculture Canada,
QC. 45 pp.
Lemieux, C., Larouche, A., Légère, A., Deschênes, J.-M. and
Rioux, R. 1988c. Inventaire des mauvaises herbes au Québec;
Prairies et pâturages. Bulletin d’extension 4. Station de Recherches
Sainte-Foy, Agriculture Canada, QC. 64 pp.
Lieb, C. S. 2001. Checklist of the Chihuahuan desert butterflies
(Lepidoptera) of the El Paso/Ciudad Juarez region. [Online]
Available: http://nasa.utep.edu/chih/chklist/butterfly/butterfly.htm.
Liebman, M., Mohler, C. L. and Staver, C. P. 2001. Ecological
management of agricultural weeds. Cambridge University Press,
Cambridge, UK. 532 pp.
Lonchamp, J.-P. 2000. Hyper media for plant protection. Weeds.
[Online] Available: http://www.dijon.inra.fr/malherbo/hyppa
/hyppa-a/hyppa_a.htm. 
Macoun, J. 1886. Catalogue of Canadian plants. Part III –
Apetalae. Geological and Natural History Survey of Canada.
Dowson Brothers, Montreal, QC. 623 pp.
Mahyar, M. and Khlif, H. 1999. Black rot of crucifers in Jordan:
sources of inoculum. Disarat Agric. Sci. 26: 329–337.
Makus, D. J. 1990. Composition and nutritive value of vegetable
amaranth as affected by stage of growth, environment and method of
preparation. Proc. Fourth Amaranth Symp. Minnesota Ext. Serv.,
Minnesota Agric., Univ. Minnesota, St. Paul, MN. 14 pp.
Makus, D. J. and Davis, D. R. 1984. A mid-summer crop for fresh
greens or canning: vegetable amaranth. Ark. Farm Res. 33: 10.
Manabe, K. and Itoh, M. 1990. Germination pattern of annual
weeds in orchards. Kagawa Daigaku Nogakubu Gakujutsu Hokoku
42: 213–220.
1064 CANADIAN JOURNAL OF PLANT SCIENCE
Manley, B. S., Wilson, H. P. and Hines, T. E. 1996. Smooth pig-
weed (Amaranthus hybridus) and livid amaranth (A. lividus)
response to several imidazolinone and sulfonylurea herbicides.
Weed Technol. 10: 835–841.
Martin, J. 1943. Germination studies of the seeds of some com-
mon weeds. Iowa Acad. Sci. Proc. 50: 221–228.
McCully, K. V., Sampson, M. G. and Watson, A. K. 1991. Weed
survey of Nova Scotia lowbrush blueberry (Vaccinium angustifoli-
um) fields. Weed Sci. 39: 180–185.
McIntyre, B. D., Bouldin D. R., Urey, G. H. and Kizito, F. 2001.
Modeling cropping strategies to improve human nutrition in
Uganda. Agric. Syst. 67: 105–120.
Mintz, A. S., Heiny, D. K. and Weidemann, G. J. 1992. Factors
influencing the biocontrol of Amaranthus albus with Aposphaeria
amaranthi. Plant Dis. 76: 267–269.
Missouri Botanical Garden – W3 Tropicos. 2003. Index to plant
chromosome numbers – IPCN. [Online] Available: http://mobot.
mobot.org/W3T/Search/vast.html
Miyahara, Y. 1993. Immigration of the Hawaiian beet webworm
moth, Hymenia recurvalis, during the Bai-u season. 2. The arrival of
the moths in early June 1992. Proc. Assoc. Pl. Prot. Kyushu. pp:
137–141.
Momirovic, N., Sinzar, B. and Stefanovici, L. 1998. Effect of con-
servation tillage and herbicide application on weeds and yield of maize
in a double cropping system. Comptes-rendus 6ème symposium
méditerranéen EWRS, Montpellier, France, 1998, 13–15 May, pp.
333–334.
Morariu, I. 1952. Genus Amaranthus L. Pages 587–607 in T.
Savulescu, ed. Flora R. P. R., Vol 1, Romanian Academy, Bucharest,
Romania [in Romanian]. 
Mulligan, G. A. 1984. Chromosome numbers of some plants native
and naturalized in Canada. Naturaliste Canad. 111: 447–449. 
Mulligan, G. A. and Munro, D. B. 1990. Poisonous plants of
Canada. Biosystematics Research Centre, Research Branch
Agriculture Canada, Ottawa, ON. Publication 1842/E, 96 pp.
Murray, M. J. 1940. The genetics of sex determination in the fam-
ily Amaranthaceae. Genetics 25: 409–431. 
Murray, M. W., Arnold, R. N., Gregory, E. J. and Smeal, D.
1994. Early broadleaf weed control in potato (Solanum tuberosum)
with herbicides. Weed Technol. 8: 165–167.
Muzik, T. J. 1970. Weed biology and control. McGraw-Hill Book
Company, New York, NY. 273 pp.
Nagaich, B. B. and Upreti, G. C. 1965. Amaranthus and
Chenopodium spp. as test plants for potato viruses X and Y. Indian
Potato J. 7: 90-94.
Nielsen, D. C. and Anderson, R. L. 1994. Photosynthesis and tran-
spiration response of redroot pigweed (Amaranthus retroflexus).
Weed Technol. 8: 265–269.
Oberholser, H. C. 1925. The relations of vegetation to bird life in
Texas. Am. Mid. Nat. 9: 564–594.
Pliny the Elder (ca. 23–79 A.D.). 1951. Natural History, Vol. V and
VI translated by Jones, W. H. S. and Litt, D. The Loeb Classical
Library, Cambridge, Massachusetts and Harvard University Press,
London, UK.
Pohl, D., Uygur, F. N. and Sauerborn, J. 1998. Effects of some
environmental factors on weed species in cotton fields in Cukurova,
Turkey. Tükiye Herboloi Dergisi 1: 24–32. [in Turkish, English
abstract].
Ponce, G. and Salas, R. 1993. Absorción de nutrientes por diver-
sos cultivos de verano y malas hierbas asociadas. Proc. Spanish
Weed Sci. Soc. 1993, pp. 285–290.
Prather, T. S. and Kearney, U. C. 1995. Predicting phenological
development of five weed species using degree days. Plant Protection
Quarterly 3, University of California, Cooperative Extension. [Online]
Available: http://www.uckac.edu/ppq/PDF/ 95july.pdf.
Preston, D. A. and Dosdall, L. 1955. Minnesota plant diseases.
USDA, Pl. Dis. Epid. & Ident. Sect. Spec. Publ. 8: 184.
Priszter, S. 1953. Revisio critica specierum generis amaranthi in
Hungaria. Agrartud Egyet. Kert-Szologazdasgtud.Karanak Evk. 2:
121–262. [in Hungarian].
Priszter, S. 1958. Uber die bisher bekannten bastarde der gatung
Amaranthus. Bauhinia 1: 126–135. [in German, French abstract].
Purwanto, Y. and Poerba, Y. 1990. Effects of drying, tempera-
ture and storage times of Amaranthus spinosus, A. blitum and A.
gracilis. Biotrop 38: 85–93.
Qasem, J. R. 1992. Pigweed (Amaranthus spp.) interference in
transplanted tomato (Lycopersicon esculentum). J. Hortic. Sci. 67:
421–427.
Qasem, J. R. 1994. Allelopathic effects of pigweed (Amaranthus
spp.) on barley (Hordeum vulgare). Dirasat Ser. B, Pure App. Sci.
21: 101–120.
Qasem, J. R. 1995. The allelopathic effect of three Amaranthus
spp. (pigweeds) on wheat (Triticum durum). Weed Res. 35: 41–49.
Raid, R. N. and Pennypacker, S. P. 1987. Weeds as hosts for
Colletotrichum coccodes. Plant Dis. 17: 643–646.
Richards, R. A. 1979. Survey of weeds in three counties in south-
ern Ontario. M.Sc. Thesis, University of Guelph, Guelph, ON. 
300 pp.
Riegel, D. A. 1942. Some observations on the food coactions of
rabbits in western Kansas during periods of stress. Trans. Kans.
Acad. Sci. 45: 369–375.
Rosskopf, E. N., Charudattan, R., Shabana, Y. M. and Benny,
G. L. 2000a. Phomopsis amaranthicola, a new species from
Amaranthus spp. Mycologia 92: 114–122.
Roskopf, E. N., Charudattan, R., DeValerio, J. T. and Stall, J.
T. 2000b. Field evaluation of Phomopsis amaranthicola, a biolog-
ical control agent of Amaranthus spp. Plant Dis. 84: 1225–1230.
Roughan, P. G. 1986. Acyl lipid synthesis by chloroplasts isolat-
ed from chilling-sensitive plant Amaranthus lividus. Biochim.
Biophys. Acta 78: 371–379.
Roughan, P. G. 1995. Acetate concentrations in leaves are suffi-
cient to drive in vivo fatty acid synthesis at maximum rates. Plant
Sci. 107: 49–55. 
Roughan, P. G. and Matsuo, T. 1992. The influence of endoge-
nous acyl-acyl carrier protein concentrations in chloroplasts glyc-
erolipids. Arch. Biochem. Biophys. 297: 92–100.
Roughan, P. G. and Ohlrogge, J. B. 1996. Evidence that isolated
chloroplasts contain an integrated lipid-synthesizing assembly that
channels acetate into long-chain fatty acids. Plant Physiol 110:
1239–1247.
Rousseau, C. 1968. Histoire, habitat et distribution de 220 plantes
introduites au Québec. Naturaliste Can. 95: 49–169.
Royer, F. and Dickinson, R. 1999. Weeds of the Northern U. S.
and Canada. Lone Pine Publishing and University of Alberta Press,
Edmonton, AB. 434 pp.
Rubin, B. 1997. Herbicide resistance outside North America and
Europe: causes and 
significance. Pages 39–50 in R. De Prado, L. Torrin, and L. Garcia-
Torres, eds. Weed and crop resistance to herbicides. Kluwer
Academic Publishers, Dordrecht, The Netherlands.
Rushing, D. W., Murray, D. S. and Verhalen, L. M. 1985. Weed
interference with 
cotton (Gossypium hirsutum). II. Tumble pigweed (Amaranthus
albus). Weed Sci. 33: 815–818.
Saavedra, M. and Pastor, M. 1996. Weed populations in olive
groves under non-tillage and conditions of rapid degradation of
simazine. Weed Res. 36: 1–14.
Sakhare, R. K. and Thite, A. N. 1986. Physiological changes in
Amaranthus leaves infected with white rust. Geobios 13: 100–103.
COSTEA AND TARDIF — AMARANTHUS ALBUS L., A. BLITOIDES AND A. BLITUM 1065
Salakhova, G. B., Ivanova, O. G. and Chernov, I. A. 1995.
Embryology of Amaranthus cruentus (Amaranthaceae). Bot.
Zhurn. 80: 31–38.
Sampath, S. and Mishra, R. K. 1971. Occurrence of symbiosis in
species of Amaranthus. Curr. Sci. 5: 111–112.
Santelmann, P. W. and Evetts, L. 1971. Germination and herbi-
cide susceptibility of six pigweed species. Weed Sci. 19: 51–54.
Saunders, C. L. 1934. Edible and useful wild plants of the United
States and Canada. Dover Publications Inc., New York, NY. 320 pp.
Schonbeck, M. W. and Egley, G. H. 1981. Phase sequence of red-
root pigweed seed germination relative to ethylene and other stim-
uli. Plant Physiol. 68: 175–179. 
Scoggan, H. J. 1978. Amaranthus L. Pages 658–661 in Flora of
Canada, Vol. 3, National Museums of Canada. Publications in
Botany 7 (3).
Seoane, J., Hervas, I. and Suarez, F. 1998. Endozoochorous dis-
persal of Amaranthus albus by sheep: digestion effects on seed
losses and germination patterns. Compte-rendus 6-ème symposium
mediterraneen EWRS, Montpellier, France, 13–15 May 1988, pp.
53–54 (Abstr.).
Seung, S. H., Deog, H. O., Jeong, K. H. and Jae, H. L. 1997.
Antimutagenic effects of juices from edible Korean wild herbs. J.
Food Sci. Nutr. 2: 155–161.
Sharma, A. K. and Banik, M. 1965. Cytological investigation of
different genera of Amaranthaceae with a view to trace their inter-
relationships. Bull Bot. Soc. Bengal. 19: 40–50.
Shaw, C. G. 1973. Host fungus index for the Pacific Northwest - I.
Hosts. Washington State Univ. Agric. Exp. Sta. Bull. 765: 1–121.
Sleugh, B. B., Moore, K. J., Brummer, E. C., Knapp, A. D.,
Russell, J. and Gibson, L. 2001. Forage nutritive value of various
amaranth species at different harvest dates. Crop Sci. 41: 466–472. 
Sibony, M., Lior, E., Fisher, A. and Rubin, B. 1995. Resistance
of Amaranthus spp., horseweed (Conyza canadensis) and field
dodder (Cuscuta campestris) to acetolactate synthase (ALS)
inhibitors, WSSA Abstracts 35: 87 (Abstr.).
Sibony, M. and Rubin, B. 1996. Multiple resistance to ALS
inhibitors and triazine herbicides in Amaranthus species. Pages
112–114 in R. De Prado, J, Jorrin, L. Garcia-Torres, and G.
Marschall, eds. Proc. International Symposium on weed and crop
resistance to herbicides, University of Cordoba, Cordoba, Spain. 
Sibony, M. and Rubin, M. 2001. Molecular basis for cross- and
multiple-resistance to Acetolactate Synthase (ALS) inhibiting her-
bicides and Atrazine in Amaranthus blitoides. Japan-Israel Plant
Protection Workshop Sept. 2–6, 2001. Tokyo University of
Agriculture (Abstr.). 
Smith, J. D. 1917. Weeds of Alberta. Department of Agriculture,
Seed and Weed Branch Bulletin No. 2, 107 pp.
Stafford, W. L., Mugerwa, J. S. and Bwabye, R. 1976. Effects
of methods of cooking, application of nitrogen fertilizer, and matu-
rity on certain nutrients in the leaves of Amaranthus hybridus
subsp. hybridus (Green Head). Plant Foods for Man 2: 7–13.
Stallknecht, G. F. and Schulz-Schaeffer, J. R. 1993. Amaranth
rediscovered. Pages 211–218 in J. Janick and J. E. Simon, eds.
New crops. Wiley, New York, NY. 
Steinmaus, S. J., Prather, T. S. and Holt, J. S. 2000. Estimation
of base temperatures for nine weed species. J. Exp. Bot. 51:
275–286.
Stevens, O. A. 1924. Some effects of the first fall freeze. Am. Mid.
Nat. 9: 14–17. 
Stevens, O. A. 1932. The number and weight of seeds produced by
the weeds. Am. J. Bot. 19: 784–794.
Stoller, E. W. and Myers, R. A. 1989. Response of soybeans
(Glycine max) and four broadleaf weeds to reduced irradiance.
Weed Sci. 37: 570–574.
Sumstine, D. R. 1949. The Albert Commons collection of fungi in
the herbarium of the Academy of Natural Sciences in Philadelphia.
Mycologia 41: 11–23.
Suzuki, M. 1999. Germination of main upland weed seeds buried
in paddy fields. Jpn. Weed Sci. Technol. 44: 80–83.
Sweat, J. K., Horak, M. J., Peterson, D. E., Lloyd, R. W. and
Boyer, J. E. 1998. Herbicide efficacy on four Amaranthus species
in soybean (Glycine max). Weed Technol.12: 315–321.
Taylorson, R. B. 1970. Changes in dormancy and viability of
weed seeds in soils. Weed Sci. 18: 265–269.
Teitz, A. Y., Gorski, S. F. and McDonald, M. B. 1990. The dor-
mancy of livid amaranth Amaranthus lividus L.) seeds. Seed Sci.
Technol. 18: 781–989.
Teutonico, R. A. and Knorr, D. 1985. Amaranth: composition,
properties and applications of a rediscovered food crop. Food
Tech. 39: 49–60.
Thellung, A. 1914. Amaranthus. Pages 225–356 in P. Ascherson
and P. Graebner, eds. Synopsis der Mitteleuropaischen flora Vol 5,
Leipzig, Germany. 
Theophrastus. (ca. 371–ca. 287 B.C.). 1916. Enquiry into plants
and minor works on odors and weather signs. Vol. I, II. With an
English translation by Hort, A. The Loeb Classical Library,
Heinemann, London, UK.
Thomas, A. G. 1977. Weed survey of cultivated land in
Saskatchewan. Agriculture Canada Research Station, Regina, SK.
103 pp.
Thomas, A. G. 1978a. Weed survey of cultivated land in
Saskatchewan. Agriculture Canada Research Station, Regina, SK.
113 pp.
Thomas, A. G. 1978b. Weed survey of cultivated land in Manitoba.
Agriculture Canada Research Station, Regina, SK. 103 pp.
Thomas, A. G. 1979. Weed survey of cultivated land in
Saskatchewan. Agriculture Canada Research Station, Regina, SK.
141 pp.
Thomas, A. G. 1991. Floristic composition and relative abundance
of weeds in annual crops of Manitoba. Can. J. Plant Sci. 71:
831–839.
Thomas, A. G. and Wise, R. F. 1983a. Peace River region of
British Columbia weed survey of cereal and oil seed crops—1978,
1979 and 1980. Weed Survey Series Publ. 83–4, Agriculture
Canada, Regina, SK. 171 pp.
Thomas, A. G. and Wise, R. F. 1983b. Peace River region of
British Columbia weed survey of forage crops—1978, 1979 and
1980. Weed Survey Series Publ. 83–5, Agriculture Canada,
Regina, SK. 155 pp.
Thomas, A. G. and Wise, R. F. 1983c. Weed survey of
Saskatchewan cereal and oilseed crops from 1976 to 1979. Weed
Survey Series Publ. 83–6, Agriculture Canada, Regina, SK. 
260 pp.
Thomas, A. G. and Wise, R. F. 1985. Dew’s Alberta weed survey
(1973–1977). Weed Survey Series Publ. 85–3, Agriculture
Canada, Regina, SK. 134 pp.
Thomas, A. G. and Wise, R. F. 1986a. Weed survey of
Saskatchewan sunflower fields 1985. Weed Survey Series Publ.
86–1, Agriculture Canada, Regina, SK. 50 pp.
Thomas, A. G. and Wise, R. F. 1986b. Weed survey of
Saskatchewan winter wheat fields 1985. Weed Survey Series Publ.
86–3, Agriculture Canada, Regina, SK. 85 pp.
Thomas, A. G. and Wise, R. F. 1987. Weed survey of
Saskatchewan cereal and oilseed crops 1986. Weed Survey Series
Publ. 87–1, Agriculture Canada, Regina, SK. 251 pp.
Thomas, A. G. and Wise, R. F. 1988. Weed survey of Manitoba
cereal and oilseed crops 1986. Weed Survey Series Publ. 88–1,
Agriculture Canada, Regina, SK. 251 pp.
1066 CANADIAN JOURNAL OF PLANT SCIENCE
Thomas, A. G. and Wise, R. F. 1989. Weed survey of
Saskatchewan winter wheat fields Weed Survey Series Publ. 89–1,
Agriculture Canada, Regina, SK. 201 pp.
Thomas, A. G. and Ivany, J. A. 1990. The weed flora of Prince
Edward Island cereal fields. Weed Sci. 38: 119–124.
Thomas, A. G., Wise, R. F. and Clayton, G. 1986. Port
Vermillon area of Alberta weed survey in cereal and oilseed fields.
Weed Survey Series Publ. 86–4, Agriculture Canada, Regina, SK.
98 pp.
Thomas, A. G., Doohan, D. J. and McCully, K. V. 1994. Weed
survey of spring cereals in New Brunswick. Phytoprotection 75:
113–124.
Thomas, A. G., Wise, R. F., Frick, B. and Juras, L. T. 1996.
Saskatchewan weed survey. Weed Survey Series Publ. 96–1,
Agriculture Canada, Saskatoon, SK. 419 pp.
Thomas, A. G., Frick, B. and Hall, L. M. 1998. Alberta weed
survey. Weed Survey Series Publ. 98–2, Agriculture Canada,
Saskatoon, SK. 241 pp.
Thomas, A. G., Frick, B., Van Acker, R. C., Knezevic, S. Z. and
Joosse, D. 1998. Manitoba weed survey. Weed Survey Series Publ.
98–1, Agriculture Canada, Saskatoon, SK. 192 pp.
Thornberry, H. H. 1966. Index of plant virus diseases. Agric.
Handbook No. 307. U. S. Department of Agriculture Washington
DC, 446 pp.
Tikhomirov, V. N. and Fedorova, T. A. 1997. The comparative
anatomy of the seed coat in the genus Amaranthus (Amaranthaceae).
Bot. Zhurn. 82: 16–24.
Toma, C., Rugina, M. and Nita, M. 1994. Données d’ordre
anatomo-écologique et histo- taxonomique concernant quelques
mauvaises herbes (Amaranthus blitoides S. Wats. et Atriplex has-
tata L.). Ann. St. Univ. Iasi, Ser II (Biol.) 40: 7–15.
Tominaga, T. and Watanabe, O. 1997. Weed growth suppression
by cogongrass (Imperata cylindrica) leaves. Weed Res. Japan 42:
289–293. 
Uline, E. B. and Bray, W. 1894. A preliminary synopsis of the
North American species of Amaranthus. Bot. Gaz. 19: 313–320.
Umeda, K. 1996. Whitefly weed hosts. University of Arizona,
College of Agriculture. Vegetable report vol. 3, issue 4. [Online]
Available: http://ag.arizona.edu/hypermail/vegnews/0008.html.
Uva, R., Neal, J. C. and DiTomaso, J. M. 1997. Weeds of the
Northeast. Comstock  Publishing Associates, Ithaca and London,
397 pp.
Vencill, W. K., Hatzios, K. K and Wilson, H. P. 1990.
Absorption, translocation and  metabolism of 14C-clomazone in
soybean (Glycine max) and three Amaranthus weed species. J.
Plant Growth Regul. 9: 127–132.
Vizantinopoulos, S. and Katranis, N. 1994. Integrated weed con-
trol management in soybeans (Glycine max) in Greece. Weed
Technol. 8: 541–546.
Vizantinopoulos, S. and Katranis, N. 1998. Weed management
of Amaranthus spp. in corn (Zea mays). Weed Technol. 12:
145–150.
Vyas, N. R., Singh, O. P., Dhamdhere, S. V. and Mishra, U. S.
1984. An unusual outbreak of the rice grasshopper, Hieroglyphus
banian Fabricius and its host preference. J. Entomol. Res. 7:
194–195.
Walters, R. D., Coffey, D. L. and Sams, C. E. 1988. Fiber,
nitrate, and protein content of Amaranthus accessions as affected
by soil nitrogen application and harvest date. HortScience 23:
338–341.
Wesche-Ebeling, P., Maiti, R., Garcia-Diaz, G., Gonzales, D. I.
and Sosa-Alvarez, F. 1995. Contributions to the botany and nutri-
tional value of some wild Amaranthus species (Amaranthaceae) of
Nuevo Leon, Mexico. Econ. Bot. 49: 423–430.
Weaver, S. E. and McWilliams, E. L. 1980. The biology of
Canadian weeds. 44. Amaranthus retroflexus L., A. powellii S.
Wats. and A. hybridus L. Can. J. Plant Sci. 60: 1215–1234.
Wetzel, D. K., Horak, M. J. and Skinner, D. Z. 1999. Use of
PCR-based molecular markers to identify weedy Amaranthus
species. Weed Sci. 47: 518–523.
Wilson, G. W. 1908. Studies in North American Peronosporales—
IV. Host Index. Bull. Torr. Bot. Club 35: 543–554.
Wilson, R. S., Jr. 1980. Dissemination of weed seeds by surface
irrigation water in western Nebraska. Weed Sci. 28: 87–92.
Wyss, G. S. and Charudattan, R. 1999. Infection process of
Phomopsis amaranthicola on Amaranthus spp. and implications
for biological control. Phytopatology 89 (Suppl.): S 86.
Wyss, G. S. and Charudattan, R. 2000. Interactions of pesticides
with Phomopsis amaranthicola, a biocontrol agent of Amaranthus
species. WSSA Abstracts 40: 29–30 (Abstr.).
Yacoby, T., Tal, A., Alon, Y., Kadar, Y. and Rubin, B. 1996.
Synergy between flumioxazin and other herbicides for improved
weed control. Proc. Int. Weed Control Congress, Denmark, 25–28
June 1996, pp: 1291–1296. 
Zheleznov, A. V., Solonenko, L. P. and Zheleznova, N. B. 1997.
Seed proteins of the wild and the cultivated Amaranthus species.
Euphytica 97: 177–182. 
Ziska, L. H. and Bunce, J. A. 1999. Effect of elevated carbon
dioxide concentration at night on the growth and gas exchange of
selected C4 species. Austr. J. Plant Physiol. 26: 71–77. 
Zitter, A. T. 2002. A checklist of major weeds and crops as natur-
al hosts for plant viruses in the Northeast. Department of Plant
Pathology, Cornell University, Ithaca, NY. [Online] Available:
http://vegetablemdonline.ppath.cornell.edu/Tables/WeedHostTabl
e.html#Key.
